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EC-RACH Retransmission window
Introduction
At GERAN#67 a new work item on Extended Coverage GSM was approved [1]. The final version of the Cellular IoT Technical Report can found in Ref [2]. 
In order to achieve extended coverage EC-EGPRS relies on blind physical layer transmissions of bursts/radio blocks where the number of transmissions are associated to a given coverage class.  In this contribution the legacy procedure at system access of the CCCH is described, as well as the adaptation of the same procedure for EC-EGPRS taking the new channel mapping of the different coverage classes into account. Here, focus is on the RACH retransmission procedure itself.  Changing coverage class due failed RACH attempt is covered in a separate contribution [3]. 
Review of legacy RACH retransmission procedure
The retransmission procedure for the legacy RACH is specified in 3GPP TS 44.018[4].  In particular the number of TDMA frames between two successive RACH messages (excluding the frames containing the messages themselves) is a random value drawn randomly for each new transmission with uniform probability distribution in the set 
{S, S + 1, ..., S + T ‑ 1} where T is the parameter Tx broadcast on the BCCH and the parameter S depends on the CCCH configuration and on the value of Tx-integer as defined in Table 1.
[bookmark: _Ref430784262]Table 1 Values of parameter S
	TX-integer
	S
non combined CCCH
	S
combined CCH/SDCCH

	3,8,14,50
	55
	41

	4,9,16
	76
	52

	5,10,20
	109
	58

	6,11,25
	163
	86

	7,12,32
	217
	115



The CCCH configuration combined CCH /SDCCH is used for CS services and can thus be disregarded for EC-EGPRS. Figure 1, illustrates the retransmission window (yellow) when the initial RACH request is made on TDMA frame 0 in multi frame N. 
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[bookmark: _Ref442643384]Figure 1, Illustration of Legacy RACH retransmission window as a function of parameters Tx and S. 
Generally, the recommendations for the parameter settings are as follows:  
· If AGCH is not overloaded the parameter S should be as low as possible in order to shorten access time.
· If AGCH is overloaded the parameter S should be large (to allow the MS receive Immediate Assignment)
· If RACH collisions are low then parameter Tx should be low in order to shorten access time)
· If RACH collisions are high the parameter Tx should be large in order to decrease probability for collision with users in the same cell at subsequent retransmission attempts. 
In summary the parameters S and T can be tuned to cater for various degrees of RACH and AGCH load. However, whenever the RACH loading increases then the AGCH loading can be expected to increase in direct proportion. In addition, it should be noted that since the value for Tx-integer is sent as part of the BCCH it is not expected to be dynamically adjusted to reflect real time variations in RACH loading. This suggests that operators in practice will simply select a value for Tx-integer that reflects the spacing of RACH message retransmissions appropriate for the anticipated busy hour loading of any given CCCH (i.e. the greater the busy hour loading anticipated then the greater the value for S that is to be used and the value of Tx-integer is selected accordingly).

Analysis of the Immediate Assignment procedure in EC-EGPRS
[bookmark: _GoBack]Figure 2, illustrates the EC-RACH transmission and possible EC-AGCH reception opportunities as a function of uplink and downlink Coverage Class (CC) in case of EC-EGPRS operation. For illustration only the first possible EC-RACH transmission attempt is illustrated in multi frame N (in case of CC4, the transmission will span multi frame N and N+1 or N+2 and N+3) as well as only the first set of possible EC-AGCH reception opportunities. Shading in green and blue are used to illustrate different transmission (EC-RACH)/reception (EC-AGCH)  opportunities. The analysis is done for EC-RACH using one time slot (e.g. TS1) and 1, 4, 16, 48 blind physical layer repetitions for CC1, CC2, CC3, CC4 respectively. Using two timeslots for the EC-RACH (see [5]) would slightly increase the number of possible EC-AGCH possibilities for sending a matching response for lower downlink coverage classes and increase the number of EC-RACH opportunities but the conclusion in this analysis would still be the same.  For the EC-AGCH, CC1 is using a single transmission of the 2 burst radio block, CC2 is using 8 blind transmissions of the 2 burst radio block mapped over 2 51-multiframes, CC3 is using 16 blind transmissions of the 2 burst radio block mapped over 2 51-multiframes and CC4 is using 32 blind transmissions of the 2 burst radio block mapped over 4 51-multiframes.  
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[bookmark: _Ref442643405]Figure 2 Illustration of 1 TS EC-RACH transmission (green), EC-AGCH reception opportunities (shades of blue) as a function of coverage class.
It can be seen that for CC1 in the downlink there are both EC-RACH transmission and EC-AGCH reception opportunities in multi frame N if the RACH transmission attempt is made early in multi frame N (N+1 in the case of UL CC4 and only for the first of the two possible EC-RACH attempts spanning multi frame N and N+1). In other words,  if there is no matching response is found in multi frame N (or in case of UL CC4 in multi frame N+1), the device also needs to monitor at least the next 51-multiframe. Allowing one 51-multiframe of EC-AGCH reception implies that the first possible 51-multiframe for EC-RACH retransmission is in 51-multiframe N+2 for CC1 to CC3 in the uplink and N+3 for CC4 in the uplink.
Similarly, for CC2 to CC4 in the downlink it can be seen there are also both EC-RACH transmission and EC-AGCH reception opportunities (not illustrated)  in 51-multiframe N if the RACH attempt is made early in 51-mulitframe N. However, since there are only two (CC3 and CC4) EC-AGCH reception opportunities in 51-multiframe N the probability for a matching response in any of these two opportunities (taking the BSS response time into account) is quite low. Therefore, it is proposed that for a device with CC3 and CC4 in the downlink only the next set(s) of EC-AGCH opportunities have to be monitored.  
For CC2 and CC3, it can furthermore be seen that there are two cases.  The first case is when the last blind physical layer  repetition is made in 51-multiframe N where N mod 2 = 0, then the next set of EC-AGCH reception opportunities are in 51-multiframe N+2. The second case is when last blind physical layer  repetition is made in 51-multiframe N where N mod 2 = 1, then the next set of EC-AGCH reception opportunities are in 51-multiframe N+1.  Allowing one set of 2 51-multiframes of EC-AGCH reception implies that the first possible 51-multiframe for RACH retransmission is in 51-multiframe N+4 irrespective of the uplink coverage class.
For CC4 in the downlink it can be seen that there are four cases distinguished by in which 51-multiframe the last physical layer repetition is made.  When the last blind physical layer repetition is made in 51-multiframe N where N mod 4 = 0 (1,2,3), then the first set of EC-AGCH reception opportunities are in 51-multiframe N+3 (N+2,N+2, N+1). Allowing one set of 4 51-multiframes of EC-AGCH reception implies that the first suitable 51-multiframe for start of RACH retransmission is in 51-multiframe N+8 irrespective of the uplink coverage class.
Moreover, the fact that repetitions are used to extend coverage has some interesting implications on the probability of yet another collision at the retransmission. More specifically, if we assume that the retransmission opportunity is drawn randomly within the first possible 51-multiframe(s) then the following observations can be made. 
· If two CC1 devices collide in 51-multiframe N and make a retransmission attempt in a 51-multiframe N+1 the collision probability is 1/51.
· Similarly if two CC2 devices or two CC3 devices collide in multi frame N then the probability of collision is 1/12(4/48) and 1/3 (16/48) respectively.
· If two CC4 devices collide in multi frame N and N+1, and then the probability of collision is 1/2.
Based on the above observations it can be seen that the legacy RACH retransmission procedure cannot be completely reused for EC-EGPRS since it does not take into account the amount of time needed for a coverage class specific EC-RACH retransmission attempt or  the amount of time needed for a coverage class specific EC-AGCH reception to take place after making an EC-RACH transmission/re-transmission. In other words, a new EC-RACH retransmission procedure for EC-EGPRS devices is needed to take both these aspects into account. To make sure the collision probability for an EC-RACH retransmission attempt is kept at a reasonable level, the set of coverage class specific 51-multi frames from which a retransmission opportunity is randomly selected should be large enough to keep the probability of 2 devices selecting the same retransmission at opportunity about 25% or less. 
Proposed retransmission procedure on the EC-RACH
Given that EC-EGPRS devices in general are delay tolerant it is proposed to change the meaning of the parameter T for EC-EGPRS devices to specify over how many units of 51-multi frames that shall be used to define the EC-RACH Tx time window (i.e. the set of coverage class specific EC-RACH retransmission opportunities) from which one specific opportunity shall be randomly drawn and used for the new EC-RACH retransmission attempt; this parameter is referred to as Tcc.  Similarly it is furthermore proposed to change the meaning of parameter S to specify how many 51-multi frames a device should monitor for a matching response on the EC-AGCH channel, this parameter is referred to as Scc 
As observed in section 3 the size of the EC-RACH Tx time window needs to take coverage class into account in order make sure the collision probability at EC-RACH retransmission is kept at a reasonable level.  Similarly, the duration of the EC-AGCH monitoring needs to take the down link coverage class into account. 
Based on the analysis in section 2 and 3 the following is proposed to apply for managing the size of the EC-RACH retransmission window and the duration of the EC-AGCH monitoring between two successive EC-RACH transmission attempts: 
The width of the EC-AGCH reception window Scc is determined by the downlink coverage class and the parameter Sm broadcast on the EC-BCCH as shown in Table 2. Moreover, the width EC-RACH Tx window Tcc  is determined by the uplink coverage class and the parameter Tm broadcast on the EC-BCCH as  shown in Table 2.  Each EC-RACH retransmission attempt should be made using a coverage class specific transmission opportunity drawn randomly (i.e. with uniform probability distribution) from the set of transmission opportunities within each EC-RACH Tx time window Tcc. The parameters Tm and Sm (each 2 bits long) are broadcast on the EC-BCCH. The parameter Sm and Tm indicates a value in the range of 1 to 4 thereby allowing Scc to be as large as 16 multi frames and Tcc to be as large as 10 51-multiframes.  
[bookmark: _Ref442732017][bookmark: _Ref431652888]Table 2 Values of parameter Scc and Tcc
	Coverage class
	Scc
	Tcc

	CC1
	Sm
	Tm

	CC2
	Sm
	Tm

	CC3
	2*Sm
	2*Tm

	CC4
	4*Sm
	2*(Tm+1)



Moreover, after sending the first EC-EGPRS PACKET CHANNEL REQUEST message or a subsequent retransmission, the mobile station shall start monitoring the EC-AGCH (according to the downlink coverage class) in an attempt to find a response matching its last transmission.  The total number of downlink 51-multiframes it reads (excluding downlink 51-multiframe N) in an attempt to find a matching response is determined by Scc.
· A MS using downlink CC1 shall begin looking for a matching response starting within downlink 51-multiframe N (i.e. N = TDMA FN div 51) if it used uplink 51-multiframe N to send the last blind physical transmission of the EC-EGPRS PACKET CHANNEL REQUEST message and there is at least one remaining CC1 reception opportunity. If a matching response is not found or there are no remaining valid CC1 reception opportunities within downlink 51-multiframe N it shall start reading 51-multiframe N+1in an attempt to find a matching response.

· A MS using downlink CC2 shall begin looking for a matching response starting within downlink 51-multiframe N if it used uplink 51-multiframe N to send the last blind physical transmission of the EC-EGPRS PACKET CHANNEL REQUEST message, N mod 2 = 0 and there is at least one remaining CC2 reception opportunity occurring therein. If a matching response is not found or there are no remaining valid CC2 reception opportunities within downlink 51-multiframe N it shall start reading downlink 51-multiframe N+1 (respectively N+2) if N mod 2 = 1 (respectively N mod 2 = 0).

· A MS using downlink CC3 shall begin looking for a matching response starting with downlink 51-multiframe N+1 (respectively N+2) when it used uplink 51-multiframe N to send the last blind physical transmission of the EC-EGPRS PACKET CHANNEL REQUEST message where N mod 2 = 1 (respectively N mod 2 = 0)-

· A MS using downlink CC4 shall begin looking for a matching response starting with downlink 51-multiframe N+1 (respectively N+2, N+3, N+4) when it used uplink 51-multiframe N to send the last blind physical transmission of the EC-EGPRS PACKET CHANNEL REQUEST message where N mod 4 = 3 (respectively N mod 4 = 2, 1, 0).
Each retransmission attempt is sent using a transmission opportunity corresponding to its uplink coverage class randomly selected (with uniform probability distribution) from a set of Tcc 51-multiframes on the EC-RACH determined using T as shown in Table 2.  This set of Tcc 51-multiframes starts with the first 51-multiframe (following the set of Scc downlink 51-multiframe read in attempt to find a response matching its last transmission) that contains a transmission opportunity corresponding to its uplink coverage class.
As an example S=2 and T=1 are assumed which results in Scc and Tcc as per table 3 below. 
Table 3 Values of parameter Scc and Tcc
	
	Scc
	Tcc

	CC1
	2
	1

	CC2
	2
	1

	CC3
	4
	2

	CC4
	8
	4



Taking the example above and assuming that the first EC-RACH transmission attempt is made in multi frame N = 0 (or in multi frames N=0 and N=1 for a CC4 device) the following applies (for simplicity in the comparison the same CC has been assumed in the uplink and downlink):
· CC1 UL and DL: 1st EC-RACH transmission attempt in multi frame N = 0 and the second is made in multi frame N = 3. There are 51 EC-RACH retransmission opportunities in multi frame 3 from which a CC1 UL device randomly selects a single opportunity. There are 32 or more EC-AGCH reception opportunities between 2 successive EC-RACH transmissions.
· CC2 UL and DL: 1st EC-RACH transmission attempt in multi frame N=0 and the second is made in multi frame N=4. There are 12 EC-RACH transmission opportunities in multi frame 4 from which a CC2 UL device randomly selects a single opportunity. There are between 4 to 8 EC-AGCH reception opportunities between 2 successive EC-RACH transmissions.
· CC3 UL and DL: 1st EC-RACH transmission attempt in multi frame N=0 and the second is made in 51-multiframes number 4 and 5. There are 4 EC-RACH transmission opportunities in multi frames number 4 and 5 from which a CC3 UL device randomly selects a single opportunity. There are 2-4 EC-AGCH reception opportunities between 2 successive EC-RACH transmissions.
· CC4a UL and DL: 1st EC-RACH transmission attempt in multi frame N=0 and 1, and the second is made in multi frames 10 and 11, or in multi frames 12 and 13. There are 4 EC-RACH transmission opportunities in multi frames 10 through 13 from which a CC4 device randomly selects a single opportunity. There are 4 EC-AGCH reception opportunities between 2 successive EC-RACH transmissions.
Conclusion
As described in section 3 above the legacy RACH retransmission procedure needs to change to accommodate the different coverage classes associated with EC-EGPRS operation. Accordingly, it is proposed to change of the meaning of the parameters S and T, these two new parameters are denoted Tcc and Scc, respectively.  The parameter Tcc specifies over how many units of 51-multi frames a MS shall use to define the EC-RACH Tx time window (i.e. the set of coverage class specific EC-RACH retransmission opportunities) from which one specific opportunity shall be randomly drawn and used for the new EC-RACH retransmission attempt.  Similarly, the parameter Scc specifies over how many 51-multiframes a device should monitor the EC-AGCH channel. The parameters Scc and Tcc are in turn defined by the parameter Sm and Tm broadcast on the EC-BCCH – see Table 2 in section 4. 
Finally, it should be mentioned that the RACH retransmission procedure proposed in this paper only applies for EC-EGPRS devices using time slot 1 or time slot 0 and 1 for access. For an EC-EGPRS device using only time slot 0 for access the legacy RACH retransmission procedure applies. 
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