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introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT was approved for Rel-14 [1]. One of the objective is to introduce a new uplink coverage class CC5 which provides at least 3 dB additional coverage gain compared to CC4 in Rel-13.

For the EC-RACH design two key methods are compared:
· ESAB method: 
The new extended access burst format whose length is equal to two timeslots is proposed with longer training sequence length and longer encrypted data block to increase the performance gain [2].
· Modified 2TS EC-RACH method: 
The modified 2TS EC-RACH format uses the same training sequence as EC-RACH CC4 with overlaid CDMA between CC4 and CC5 and a higher number of blind physical layer transmissions of encrypted data block within the 2 consecutive timeslots assigned for EC-RACH. It uses same mapping method as ESAB method, and a longer burst whose size is identical to that of the normal burst in the left time slot followed by an access burst in the right time slot [3][5].

This paper further compares the modified 2TS EC-RACH method with ESAB method, and clarifies the concerns mentioned in the paper [4][5]. 
DISCUSSION POINTS
The following aspects are clarified for the ESAB/RACH11’ (ESAB) method.
Coexistence with 1TS EC-RACH CC1 to CC4
1TS EC-RACH operation shall be supported for EC-RACH CC1 to CC4 and 2TS EC-RACH operation shall be supported for EC-RACH CC2 to CC4 in a cell that supports EC-GSM-IoT per legacy requirements, independent of whether EC-RACH CC5 is also supported in that cell. EC-RACH CC5 using the ESAB method can coexist with 1TS EC-RACH CC1 to CC4 and 2TS EC-RACH CC2 to CC4 since it uses a new TSC (i.e. TSC8), i.e. no matter if 1TS or 2TS EC RACH operation is configured, EC-RACH CC5 using ESAB method can always be supported due to the introduction of TSC8.
However, EC-RACH CC5 using the modified 2TS EC-RACH method can only be supported when 2TS EC-RACH CC2 to CC4 operation is enabled along with overlaid CDMA used to distinguish between CC4 and CC5 in the 2 consecutive time slots. In other words, EC-RACH CC5 using modified 2TS EC-RACH method cannot be supported when 1TS EC-RACH CC1 to CC4 operation is enabled because of the following: 
· As is known, EC-RACH CC4 1TS will exist on TS1, while EC-RACH CC5 will have PI shift on TS1 and they use same TSC (TSC7).
· As such, the TSC7 bits in the accumulated EC-RACH CC4 bursts of TS1 may be removed (or substantially degraded) due to the reception of phase shifted (by pi) TSC7 bits from a EC-RACH CC5 burst being sent using one or more of the TS1 burst instances used for EC-RACH CC4 accumulation.
· The amount of degradation and therefore probability of successful EC-RACH CC4 access discrimination on TS1 will depend on how many additional CC4/CC5 users are received (in addition to the target CC4 user). 
· Similarly, the TSC7 bits in the accumulated EC-RACH CC5 bursts on TS1 may be removed (or substantially degraded) due to the reception of non-phase shifted TSC7 bits from a EC-RACH CC4 burst being sent using one or more of the TS1 burst instances used for EC-RACH CC5 accumulation.
· The amount of degradation and therefore probability of successful EC-RACH CC5 access discrimination on TS0/TS1 will depend on how many additional CC4/CC5 users are received (in addition to the target CC5 user).
Phase coherency between the 2 bursts within each TDMA frame
Transmission of EC-RACH CC5:
ESAB will be sent based on the new defined time mask in CR 51.021, i.e. one ESAB burst will be sent one time, phase coherency between the 2 bursts within this ESAB burst is better than EC-RACH CC4 which requires 2 transmissions.
Long burst used by modified 2TS EC-RACH method will be sent 2 times, NB 1st, then AB, NB and AB could be received with time difference which will cause minor phase shift between NB and AB, similar to EC-RACH CC4.

Receiving of EC-RACH CC5:
ESAB burst will be received at one time.
Long burst will be received 2 times, i.e. NB 1st, AB 2nd, so if CPRI interface is used between digital unit and radio unit in BTS, there will be rounding error when doing the CPRI timing (e.g.0.96MHz) and GSM timing (13MHz) conversion before receiver starts the signal processing, thus producing some phase shift (up to 1 normal symbol period, 0.5 dB degradation was seen in simulations for CC4, more than 0.5 dB degradation is expected to be seen for CC5) between these 2 bursts.

In other words, when it comes to maintaining phase coherency within TDMA frame, ESAB method performs about 0.5 dB or better than the modified 2TS EC-RACH method.
Specification Impacts
ESAB only requires one new TSC, one new coding scheme, and one new time mask which are easily implemented in specs, see prepared CRs for ESAB method. In addition, ESAB has no impacts on legacy EC-RACH CC4 operation since the new TSC for CC5 (i.e. TSC8) will has been derived following the same framework of training sequence design for EC-GSM-IoT, i.e. both low cross correlation properties versus legacy training sequences (for RACH and traffic channels) and higher auto-correlation property will be considered in the new TSC design work.
Modified 2TS EC-RACH method requires new coding scheme, new burst structure. It also requires new performance evaluations for EC-RACH CC4 since overlaid CDMA method is used between these 2 channels, proper SCPIR values is expected to be newly defined and all EC-RACH CC4 related work done in R13 will be affected. In TS 45.005 and TS 51.021 all tables with 2TS EC-RACH CC4 uplink performance requirements in both R13 and R14 will be affected, new tables shall be defined with proper SCPIR values and the performance requirements for both EC-RACH CC4 and EC-RACH CC5 in R13 and R14.
Within each TDMA frame, the 2 consecutive bursts in the modified 2TS EC-RACH method have different useful data size (including Tail bits) which requires new definition of normalized coherency error (see Annex S in 3GPP TS 45.005) between these 2 bursts where blind physical layer repetition exists. Besides, the phase and amplitude coherency requirement of EC-RACH CC4 will also be affected due to the use of overlaid CDMA since same phase and amplitude coherency requirement should be applied for any overlaid CDMA code (see section 4.6.3.2 in 3GPP TS 45.005). This requires that test cases to verify phase and amplitude coherency of 2 TS EC-RACH CC4 and CC5 should be newly defined in 51.021.
Receiver complexity: 
The lower code rate used for data encoding in the ESAB method (Cr=1/6 with tail biting) will not significantly increase the complexity since the convolutional coding is just a linear matrix calculation and can be done in parallel in the DSP processor. 
Before doing final demodulation, ESAB method only requires between-frame IQ accumulation.
The modified 2TS EC-RACH method requires between-frame accumulation, in-frame accumulation, in-time-slot accumulation (for the 3 data parts on the left time slot). In addition, the in-time-slot accumulation relies on the synchronization accuracy during the pre-synchronization step which is an extra requirement for the modified 2TS EC-RACH method and the in-frame accumulation has to consider the overlaid CDMA used.
Buffer requirement for IQ accumulation: 
Buffers used for 2TS EC-RACH CC4 is 1 burst buffer for between frame accumulation and 1 burst buffer for in-frame IQ accumulation. And the 2 burst buffers can be shared by 4 users in each 2 multi-frames, see Figure 1. So totally 2 burst buffers are required for IQ accumulation of 2TS EC-RACH CC4.
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Figure 1: EC-RACH 2TS mapping CC4 (only one multi-frame is shown)
ESAB method will use soft combining between multi-frames, so the buffer used for IQ accumulation of the 1st user (green bursts) in one multi-frame can also be reused by the IQ accumulation of the other user (yellow bursts), see Figure 2. So totally 2 burst buffers are required for EC-RACH CC5 using ESAB method.
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Figure 2: EC-RACH 2TS mapping CC5 (only one multi-frame is shown)
Modified 2TS EC-RACH method requires IQ accumulation of the 66 long bursts mentioned in [5] to achieve better synchronization accuracy where the buffer used for the IQ accumulation of the 1st user cannot be used by the 2nd user. So 2*2 = 4 burst buffers are required for between frame accumulation. Besides, 1 burst buffer is required for in-frame IQ accumulation which can be shared by 2 users in the last multi-frame, see Figure 2. So totally 5 burst buffers are required for the IQ accumulation of EC-RACH CC5 using modified 2TS EC-RACH method.
So the number of burst buffers required can be summarized in Table 1 below.
Table 1: Buffers required for IQ accumulation.
	Channels/Methods
	2TS EC-RACH CC4
	EC-RACH CC5 using ESAB method
	EC-RACH CC5 using modified 2TS EC-RACH method

	Number of burst buffers
	2
	2
	5



Interference from/to other CCs: 
Regarding the interference from other coverage classes, since the ESAB method uses longer training sequence, ESAB method can benefit from better interference (from other CCs) cancellation during channel estimation. 
Modified 2TS EC-RACH method only uses OL-CDMA approach with CC4 resulting in the interference from other coverage classes (CC2/CC3) not being improved. Hence the ESAB method is expected to perform better in mitigating interference from transmissions with all other coverage classes compared to the modified 2TS EC-RACH method. This interference performance advantage of the ESAB method has also been shown by the interference performance gain provided later in this paper.
Regarding the interference from EC-RACH CC5 to other coverage classes, ESAB method is not expected to introduce more interference to other coverage classes than the interference between legacy EC-RACHs since the new TSC defined for ESAB will be derived following the same framework of training sequence design for EC-GSM-IoT. And in the 2nd time slot of the ESAB, EC-RACH CC5 data bits will overlap with TSCs of other coverage classes in the same time slot, where the data bits of CC5 can be treated as random bit interferers which is expected to introduce lowest interference than fixed bit interferers to other coverage classes. 
Modified 2TS EC-RACH method uses same TSC as EC-RACH CC4, same TSC bit positions as legacy RACH, different sizes of the useful part in the 2 consecutive bursts, and overlaid CDMA code (PI or zero phase shift on the 2nd burst) between these 2 consecutive bursts, which is expected to have more interference to other coverage classes.

Link level performance: 
Comparing to the performance requirement defined in TS45.005 for 2TS EC-RACH CC4, the ESAB method results in quite good performance gain shown in Table 2. 
Table 2: Performance comparison between ESAB method (from simulation) and 2 TS EC-RACH CC4(requirement defined in 45.005). 
	Channel model
	Sensitivity Comparative gain [dB]
	ADJ-Channel Comparative gain [dB]
	CO-Channel Comparative gain [dB]

	TU1.2noFH
	5.2
	6.5
	7.0

	TU50noFH
	5.5
	6.7
	7.5


Regarding the simulation of modified 2TS EC-RACH in [5], since IQ accumulation was used between multi-frames, ESAB method is expected to have some performance degradation, e.g. for TU1.2noFH, table 2 gives the performance degradation. 
 Table 2: Performance degradation of ESAB method using IQ accumulation between multi-frames
	Channel model
	Performance degradation Sensitivity Low Band [dB]
	Performance degradation Sensitivity High Band [dB]

	TU1.2noFH
	0.512
	0.827


Besides, it is shown in our simulation that, for adjacent channel interference cases, if IQ accumulation between multi-frames are used, the performance gain from CC5 compared to CC4 (soft combining is used between multi-frames) will be quite limited, which is can be explained as that the interference is changing quite much which does not allow IQ combing in such a long period (3 multi-frames). 
Thus, compared to the modified 2TS EC-RACH method, ESAB method is still expected to have better link level performance in general. And if looking at the absolute gain achieved compared to 2TS EC-RACH CC4, the performance gain from ESAB method has enough margin to meet the performance target of EC-RACH CC5.

Margin reserved for EC-RACH CC5:
As we know, EC-RACH is a collision based channel. In other words,  it’s better to reserve a margin for EC-RACH CC5 that is a bit larger than the margin reserved for data channels (EC-PDTCH/EC-PACCH), thus providing some more protection if, for example, an increased number of CC2 users happen to collide with any given CC5 transmission. Besides, with a bit larger margin, EC-RACH CC5 can cope with some additional interference in the cell and still get the access through which has the benefit of reducing the number of retransmissions per access attempt and thereby saving power. Based on the performance gains in above tables and the absolute performance values provided in corresponding CR of 45.005 for ESAB, ESAB method allows for an increased margin for EC-RACH CC5 relative to the margin applicable to the data channels.

The new long burst formats: 
Power versus time for the ESAB burst can be simply defined via extending the number of useful bits, see corresponding CR to 45.005. The start of ESAB burst contains the TSC bits, where some number of the first TSC bits can be treated as tail bits for up-ramping, which has been proved not to be a problem in the simulation (performance gain can be seen in Table 2). The number of TSC bits used for up-ramping as tail bits for up ramping will be further clarified when the new training sequence code (TSC8) is defined (see next paragraph).is the same as that for legacy RACH, details can be seen from the time mask defined in CR of 3GPP TS 45.005 for ESAB.

New training sequence design: 
The new training sequence for the ESAB concept has been is proposed to be derived following the same framework of training sequence design for EC-GSM-IoT, i.e. both low cross correlation properties versus legacy training sequences (for RACH and traffic channels) and higher auto-correlation property will has beenbe considered in the new TSC design work, details can be seen in [6].

The link level performance will be not worsewhen using the newly defined TSC is used has also been shown in [6] to be better comparing than the performance shown in this paper when to the temporary TSC is usedcurrently used for simulation.
conclusion
In this paper the sourcing company provides clarifications to the concerns raised in [4] and [5] related to the ESAB method for EC-RACH CC5. The sourcing company identifies some issues and defects raised in section 2 for the modified 2TS EC-RACH method.
Based on the above, and considering the work remaining to identify and capture all necessary specification impacts for the modified 2TS EC-RACH method, given that all ESAB related specification changes are complete, and very good link performance has been evaluated for ESAB for EC-RACH CC5, the sourcing company proposes to use ESAB method for EC-RACH CC5 in the standardization work.
[bookmark: _GoBack]This way forward thereby allows all specification work for the work item “radio interface enhancement to EC-GSM-IoT” to be completed at RAN6 #4.
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