
	
[bookmark: _GoBack]3GPP TSG RAN WG1 NB-IoT Ad-Hoc Meeting	R1-161834
Sophia Antipolis, France, 22nd - 24th March 2016

Source:                    	Ericsson
Title:  	NB-IoT – NPRACH Sequences
Document for:        	Discussion and decision
Agenda Item:         	2.3.4		
[bookmark: _Ref409106980]Introduction
[bookmark: _Ref441488033]At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. The work item was further agreed in RAN#70 [2].

In RAN1 #84 [3], it was confirmed that “NB-PRACH is based on single-tone with frequency hopping.” Many physical design details have also been agreed.
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 
· 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
Agreements:
· The following numbers of NB-PRACH repetitions are provided in the specifications:  
· {1, 2, 4, 8, 16, 32, 64, 128}
· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set
· Power ramping:
· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level
· Otherwise, the UE uses NB-PRACH power ramping 

For NB-IoT random access, the eNB should be able to configure the following parameters for single tone NPRACH.
· Preamble sequence information that directs UEs “what to send”
· Time resource information that informs UEs “when to send“
· Frequency resource information that directs UEs “where to send”
While the “when to send“ and “where to send” aspects are discussed in [4], we discuss the “what to send“ aspect in this contribution. 
[bookmark: _Ref445457371]Symbol Group Pattern
[bookmark: _Ref445456466]Pattern with 1 CP + 1 OFDM symbol pattern
This pattern is the well-known OFDM symbol pattern, as illustrated in Figure 1.
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[bookmark: _Ref442946816]Figure 1: Classic OFDM symbol structure
It is well known that the structure in Figure 1 helps ensure orthogonality for transmissions on different tones even with unknown timing within CP. This is illustrated in Figure 2. Take the received symbol on tone f1 for example. The symbol sent on tone f2 appearing on tone f1 equals 0. Therefore, orthogonality is ensured.
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[bookmark: _Ref442948055]Figure 2: 1 CP + 1 OFDM symbol ensures orthogonality under unknown timing within CP
[bookmark: _Ref445456467]Pattern with 1 CP + X different OFDM symbols
For single tone NPRACH, to support large cell size e.g. 35 km, we need a very long CP of length at least 233.3 us to accommodate the maximum round-trip delay. This CP length is almost as long as the symbol length of 3.75 kHz tone spacing. To reduce CP overhead, a naïve approach would be to concatenate X (>1) symbols but add only one CP. However, this approach causes inter-carrier interference, if the X symbols sharing the same CP are not the same.
We use Figure 3 for illustration. For simplicity, assume the CP has the same length as an OFDM symbol, and X=2. On tone f1, the transmitted symbols are (X1, Y1, X1), and X1 is different from Y1. Similarly, on tone f2, the transmitted symbols are (X2, Y2, X2), and X2 is different from Y2. Take the received symbols on tone f1 for example. The symbols sent on tone f2 appearing on tone f1 does not equal 0. Therefore, the orthogonality is lost and inter-carrier interference arises.

We can understand the above result intuitively. In the Rx FFT window, from tone f1 perspective, the samples start from the last part of samples of X2 and then changes to the first part of samples of Y2. The phenomenon is analogous to that there is varying channel effect within the Rx OFDM FFT window. It is well known that if channel changes within one OFDM symbol window, inter-carrier interference arises.
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[bookmark: _Ref442949275]Figure 3: 1 CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP
Observation 1: Symbol group pattern with 1 CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP in NPRACH transmissions.

[bookmark: _Ref445456469]Pattern with 1 CP + X same OFDM symbols
To reduce CP overhead while maintaining orthogonality, we have proposed to repeat the same OFDM symbol X times back to RAN1 #82bis meeting. We use Figure 4 for illustration. For simplicity, assume the CP has the same length as an OFDM symbol, and X=2. On tone f1, the transmitted symbols are (X1, X1, X1). Similarly, on tone f2, the transmitted symbols are (X2, X2, X2). Take the received symbols on tone f1 for example. The symbols sent on tone f2 appearing on tone f1 equals 0. Therefore, orthogonality is ensured.
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[bookmark: _Ref442950918]Figure 4: 1 CP + X same OFDM symbols ensures orthogonality under unknown timing within CP

Observation 2: Symbol group pattern with 1 CP + X same OFDM symbols ensures orthogonality under unknown timing within CP in NPRACH transmissions.

Implication on the NPRACH agreements on 1 CP + 5 OFDM symbols
In this subsection, we turn to the agreements on NPRACH and discuss the implication of the discussions in Section 2.1, 2.2, and 2.3 on the agreements.

Recall the agreements on NPRACH:
· 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 

We can see the agreements state that 1 CP + 5 OFDM symbols constitute a group. However, the issue on the specific symbol values to be used in a group has not been agreed. Based on the discussions in Section 2.2 and 2.3, particularly the Observation 1 and Observation 2,  we make the following proposal.

Proposal 1: To reduce CP overhead while maintaining orthogonality, use 1 CP + 5 same OFDM symbols as a symbol group in NB-PRACH transmissions.

Symbol Values across Symbol Groups
In Section 2, we have discussed that the symbol values in a symbol group should be the same to ensure orthogonality under unknown timing within CP in NPRACH transmissions. We also need to discuss the symbol values across symbol groups. 

Symbol values across symbol groups that are in the same NPRACH basic unit
If using the same symbols values in a symbol group is agreed, Figure 5 shows two possible preamble sequence structures. To begin with, it is understood that each logical tone (the physical mapping determined by the hopping patterns) with a certain number of groups represents one NPRACH resource unit. The logical tone can be identified by, for example, the physical tone index used by the first symbol group in a basic NPRACH resource unit (e.g., 4 symbol groups shown in Figure 5). To randomize interference, it is desirable to make the values of the preamble sequence both cell ID dependent and/or tone index dependent. As an example, the symbol value  in Structure (1) in Figure 5 should be dependent on the logical tone index and/or cell ID.

Proposal 2: NPRACH preamble symbol values should be logical tone index and/or cell ID dependent. 
· Here the logical tone index can be mapped to, for example, the physical tone index used in the first symbol group of a basic NPRACH resource unit that consists of e.g. 4 symbol groups.
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[bookmark: _Ref445459248]Figure 5: Possible patterns of NPRACH preamble sequences
With the understanding that the preamble symbol values are logical tone index and/or cell ID dependent, next we can focus on discussing the structure of a particular preamble sequence to be used on some logical tone in some cell. Figure 5 shows the possible preamble sequence structures. 
1) With this structure, a preamble sequence consists of a constant sequence, i.e., all the symbols are the same. (But the specific symbol value can be logical tone index and/or cell ID dependent, as discussed above.) In this case, it is easier to guarantee phase continuity between adjacent symbol groups and thus helps maintain close-to-zero peak-to-average-power ratio (PAPR) of the preamble signal. 

2) With this structure, the symbols in a group are the same, but they are different across the symbol groups. Structure (2) may be considered as applying an additional layer of CDM over symbol groups in Structure (1). In this case, it is not easier to guarantee phase continuity between adjacent symbol groups and thus might cause some PAPR issue. The benefit is that from a system level perspective the interference to other transmissions may be slightly randomized. However, this additional degree of interference randomization may be limited considering the existing randomization obtained from the fact that (1) the symbol values can be made logical tone index and/or cell ID dependent and the fact that (2) the pseudo random hopping agreed for NPRACH can help randomize interference.  

Proposal 3: If phase continuity is an important consideration, the symbol values do not change across symbol groups in the same basic NPRACH unit (that consists of e.g., 4 symbol groups).

Symbol values across repetitions of NPRACH basic unit
Note that existing NPRACH agreements state that “Pseudo-random hopping is used between repetitions of groups of 4 symbol groups.” Assuming 4 symbol groups are considered as the basic NPRACH unit, after the first 4 symbol groups, pseudo-random hopping will reselect the physical tone index used in the first symbol group of the second repetition of 4 symbol groups (the other tone indices of the next 3 symbol groups follow the fixed hopping pattern). This is illustrated in Figure 6, where it is assumed that the same symbol value is used across 4 symbol groups in a basic unit. As a result, the symbol values used in the second repetition will be naturally re-initialized.  

Proposal 4: It is sufficient to specify symbol values for NPRACH in a basic unit (that consists of e.g., 4 symbol groups). 
· The pseudo-random hopping in NPRACH can re-initialize the symbol values based on the tone index selected at a new repetition. 
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[bookmark: _Ref445466451]Figure 6: NPRACH hopping pattern: each rectangle indicates a symbol group that consists of 1 CP and 5 same symbols

Conclusions
In this contribution, we have made the following observations.

Observation 1: Symbol group pattern with 1 CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP in NPRACH transmissions.

Observation 2: Symbol group pattern with 1 CP + X same OFDM symbols ensures orthogonality under unknown timing within CP in NPRACH transmissions.

Based on the observations and existing NPRACH agreements, we make the following proposal.

Proposal 1: To reduce CP overhead while maintaining orthogonality, use 1 CP + 5 same OFDM symbols as a symbol group in NB-PRACH transmissions.

Proposal 2: NPRACH preamble symbol values should be logical tone index and/or cell ID dependent. 
· Here the logical tone index can be mapped to, for example, the physical tone index used in the first symbol group of a basic NPRACH resource unit that consists of e.g. 4 symbol groups.
 
Proposal 3: If phase continuity is an important consideration, the symbol values do not change across symbol groups in the same basic NPRACH unit (that consists of e.g., 4 symbol groups).

Proposal 4: It is sufficient to specify symbol values for NPRACH in a basic unit (that consists of e.g., 4 symbol groups). 
· The pseudo-random hopping in NPRACH can re-initialize the symbol values based on the tone index selected at a new repetition. 
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The hopping patterns below are used for ease of drawing. The actual hopping patterns follow agreements.
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