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In RAN1#84 meeting, the following agreements on NB-PRACH were made [1]:

Agreements:
· NB-PRACH uses a subcarrier spacing of 3.75kHz 
· 2 CP lengths are provided to support different cell sizes
· 66.7 us and 266.7 us
· Hopping is between groups of symbols
· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· [bookmark: OLE_LINK36]Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups
· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups
· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:
i. Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
Agreement: 
· Multi-tone Msg3 is supported
· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 
· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection
· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:
· NB-PRACH sequence
· NB-PRACH hopping pattern
· Each NB-PRACH resource also has a repetition level configured 
· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications
· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 
· Subcarrier spacing is indicated:
· For Msg3:
· in RAR 
· Subsequent NB-PUSCH transmissions:
· Follow RAR always
Note that if RAN decides that one subcarrier spacing is not mandatory for the UE, a decision would need to be taken as to whether or not to specify error cases. 

In this contribution, we discuss remaining issues on single tone PRACH for NB-IoT.
Multiple tone Msg3 indication method
According to the agreement in RAN1 [1], multi-tone Msg3 is supported and can be indicated by NB-PRACH resource. In addition, the NB-PRACH resource can be defined as [1]:
· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:
· NB-PRACH sequence
· NB-PRACH hopping pattern

In the following we discuss how to indicate multi-tone Msg3.
1.1 Multiple tone Msg3 indicated by NB-PRACH sequence
In the case of using NB-PRACH preamble sequence to indicate multi-tone Msg3, two codes can be pre-configured, corresponding to single tone Msg3 and multi- tone Msg3, respectively. UE selects the appropriate code for its Msg3 to be transmitted in the four groups of NB-PRACH. At the receiver, eNB would perform blind detection of two codes when carrying out the coarser detection of TA (first level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups). Once it finish the code detection and the coarse TA, eNB would perform the finer estimation of TA. 

Define code = [W1, W2, W3, W4], where W1~W4 are transmitted on first, second, third and fourth groups of NB-PRACH, as illustrated in Figure 1. There are several design choices of [W1, W2, W3, W4]:



Figure 1: NB-PRACH transmission

For example, we can let code1= [W1 W2 W3 W4]= [1, 1, 1, 1 ] and code2= [W1 W2 W3 W4]= [1, 1, 1, -1 ]. This means that all ‘1’ symbol are transmitted in all symbol groups for code1, while for code 2, the 4th symbol group, ‘-1’ is transmitted. eNB can perform the coarse TA estimation (First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups）at the same time when code detection is performed. The detailed procedure is as follows.

After the eNB receives the signals in all four groups and finishes the combining over 5 symbols to suppress the noise, coarse TA estimation can be done via procedure described in [2]. Here, the differential result between 1st and 2nd group can be expressed as



The differential result between 3rd and 4th group can be expressed as


[bookmark: OLE_LINK1]Note that for code1 and code2，the result above [Corr 1,Corr 2] forms an orthogonal sequence, therefore eNB can easily find which code the UE sent through correlation detection. This can be implemented with a sliding window so no extra processing delay will be introduced. After this, finer TA estimation can be applied.

In Figure 2 and Figure 3, we present the detection performance when UE sends different codes.
[image: ]
Figure 2: Code detection result 1

[image: ]
Figure 3: Code detection result 2

It can be seen from the figures above that sequence [Corr1, Corr 2] has good auto-correlation and cross-correlation property. In fact, in Table 2 we give the detection result in different MCL scenarios. The simulation parameters are in the appendix. We see that the detection is not affected by the CFO.

Table 2: Detection Error Rate
	MCL
（dB）
	CFO configuration
	Detection window configuration
	Detection error rate

	144
	Disabled
	CP length
	0.01%

	144
	Enabled
	CP length
	0.01%

	154
	Disabled
	CP length
	0.01%

	154
	Enabled
	CP length
	0.01%

	164
	Disabled
	CP length
	0.01%

	164
	Enabled
	CP length
	0.01%




The transmission of multiple code sequence will not interfere with TA estimation. In Figure 4, we show the comparison of three cases:
· Case1:  [1 1 1 1] 
· Case2:  [1 1 1 -1]
· Case3:  [1 1 1 1] and [1 1 1 -1] depending UE multi-tone capability 

The simulation result shows no degradation if multiple code are transmitted based on UE capability. 
[image: ]
Figure 4 : TA estimation comparison between single code and multiple code transmission


1.2 Multiple tone Msg3 indicated by NB-PRACH hopping pattern
 
The hopping pattern within the first 4 symbol group and the second 4 symbol group are the same, therefore in order to use different hopping group to indicate multi-tone Msg3, different pseudo-random hopping pattern between repetitions of symbol groups have to be used. Evidently, this will not apply to UEs with no PRACH repetition.  
 
Even with repetition, hopping pattern indication will not work. For example, with NB-PRACH repetition time=2, different pseudo-random hopping pattern between repetitions of symbol groups for both multi-tone Msg3 and single tone Msg3 are allocated as in Figure 5.


Figure 5 (a) Hopping Pattern 1 for multiple tone Msg3


Figure 5 (b) Hopping Pattern 1 for single tone Msg3

It can be seen that the frequency resource for the first 4 symbol group are entirely overlapped, as the two UE are transmitting the same preamble , there will be strong interference. TA estimation will be severely degraded.

Beside preamble sequence and hopping pattern indication, different frequency and time resources can also be used to indicate multi-tone Msg1. However, as the time-frequency resource for NB-PRACH is limited, it is not preferable to further divide the available frequency-time resource for this purpose.
Based on the above analysis, we have the following proposal:

Proposal 1：It is suggested to use different preamble sequence to identify Multiple Msg3.


NB-PRACH resource allocation
1.3 Frequency resource allocation scheme
For NB-PRACH, same symbol is transmitted in each symbol groups therefore strong interference exists if the frequency resource of neighboring cells are overlapped. This is especially serious for cell edge UE with similar target receiving power and interfering power. In Figure 6 below we show the TA estimation degradation caused by inter-cell interference with MCL=144dB. Other simulation parameters are listed in appendix.
[image: ]
Figure 6: TA estimation performance degradation 

We see that even with SIR=10dB the estimation result is still not acceptable. Therefore we have the following observation:
Observation 1：Strong interference exists between NB-PRACH of neighboring cells with overlapping NB-PRACH frequency allocation

It is evident that orthogonal frequency resources have to be used to reduce the inter-cell interfere. One example is shown in Figure 7, where we have divided the total 180 kHz into N=4 non-overlapping band. The band index can be indicated via SIB.



Figure 7: Orthogonal frequency resource

Proposal 2：To alleviate inter-cell interference between NB-PRACH, it is suggested to allocate orthogonal frequency resources (NB-PRACH Band) for neighboring cells. 


1.4 Time resource allocation scheme
For NB-PRACH time domain resource allocation, we have to consider the following issues:
1. Support of TDM between NB-PRACH and NB-PUSCH.
2. Different length of NB-PRACH and NB-PUSCH.

[bookmark: _GoBack]For issue 1, we have to reserve guard time (GT) within NB-PRACH resource. The length of the GT shall be as short as possible, while satisfying the detection requirement. For issue 2, considering the scheduling unit of NB-PUSCH can be 2ms, 4ms, 8ms and 32ms, the time domain length of NB-PRACH shall be the multiples of 2ms. To facilitate the design, we define NB-PRACH segment as shown in Figure 8 and Figure 9. One segment is constructed with several NB-PRACH Time Resource Unit (TRU) and one GT. One NB-PRACH Time Resource Unit has four symbol groups. Two types of unit can be defined according to the CP length, type A has a length of （266.7+266.7*5）*4=6.4ms and type B has a length of （66.7+266.7*5）*4=5.6ms. NB-PRACH Segment occupies 45kHz in frequency and forms a NB-PRACH band. In time domain, the configured period length of NB-PRACH Segment can be multiples of 2ms, i.e., , where y is from {0，1，2，3，4，5，6，7｝. In the following we discuss two CP length scenarios separately.

· CP length =266.7us 
As shown in Figure 8, NB-PRACH Segment is 26ms in length and has 4 type A Time Resource Unit. The length of GT is 0.4ms.


Figure 8: NB-PRACH segment for CP length =266.7us


· CP length =66.7us 
As shown in Figure 9, NB-PRACH Segment is 34ms in length and has 4 type B Time Resource Unit. The length of GT is 0.4ms.


[bookmark: OLE_LINK53]Figure 9: NB-PRACH segment for CP length =66.7us

Proposal 3： For NB-PRACH resource allocation, PRACH segment can be used which consist of multiple time resource unit and GT.

Conclusion
Observation 1：Strong interference exists between NB-PRACH of neighboring cells with overlapping NB-PRACH frequency allocation

Proposal 1：It is suggested to use different preamble sequence to identify Multiple Msg3.
Proposal 2：To alleviate inter-cell interference between NB-PRACH, it is suggested to allocate orthogonal frequency resources (NB-PRACH Band) for neighboring cells. 

Proposal 3： For NB-PRACH resource allocation, PRACH segment can be used which consist of multiple time resource unit and GT.
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Appendix：NB-PRACH simulation assumptions

[bookmark: _Ref434329309][bookmark: _Ref434329304]Table A1: PRACH coverage performance
	1)      Tx power (dBm)
	23
	23
	23

	2)      PSD (dBm/Hz)
	-174
	-174
	-174

	3)      Rx noise figure (dB)
	3
	3
	3

	4)      Interference margin (dB)
	0
	0
	0

	5)      BW (Hz)
	3750
	3750
	3750

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-135.2597
	-135.2597
	-135.2597

	7)      Required SINR (dB)
	14.25
	4.25
	-5.75

	8)      Rx sensitivity (dBm)
6)+7)
	-121.0097
	-131.0097
	-141.0097

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	144.0097
	154.0097
	164.0097





Table A2:NB-PRACH simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 km

	Timing uncertainty
	randomly selected from [0 MaxRTD], where MaxRTD is calculated according to the cell radius

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}

	Sample rate
	1.92MHz

	Number of channel realizations
	10,000
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