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In this meeting in total 13 documents are submitted regarding NPRACH enhancements, 7 for reliability enhancements and 6 for range enhancements for NPRACH. A list of contributions can be found in the Reference section.  This documents summaries the views from different sourcing companies and their proposals regarding NPRACH enhancements for NB-IoT. 

Reliability enhancements for NPRACH 
Summary
A list of contributions as well as their observations and proposals are summarized as follows. 
	R1-1803880 On NPRACH false alarm reduction due to inter-cell interference	Huawei, HiSilicon
· Observation 1: Inter-cell interference causes NPRACH false alarm rates of over 1% for 164 dB MCL across a range of SIR values.
· Observation 2: Orthogonal symbol-level scrambling codes applied to Rel-13 NPRACH significantly decrease the occurrence of NPRACH false alarm rates of over 1% for 164 dB MCL and 0.5% for 144 dB MCL.
· Observation 3: Use of parwise symbol level scrambling has significant NPRACH preamble performance impact on both Rel-15 and legacy UEs due to coverage loss and cannot provide false alarm rate of 0.1% simultaneously with missed detection probability of 1%.
· Observation 4: Symbol-group level scrambling applied to Rel-13 NPRACH does not improve the NPRACH reliability performance.
· Proposal 1: Confirm the working assumption and use symbol-level scrambling, i.e. share the same NPRACH resources as Rel-13 NPRACH formats, and add symbol-level scrambling.
· Proposal 2: The symbol level scrambling code reuses the 5-length code set from LTE in TS 36.211 Table 5.4.2A-1 (i.e. the orthogonal sequences for ).
R1-1804162 NPRACH false alarm reduction for NB-IoT	Ericsson
· Observation 1: The NPRACH Release 15 scrambling design should seek to optimize the number of scrambling patterns and their properties in terms of auto- and cross correlation.
· Observation 2: Reducing the channel spacing by a factor of at least 5 will imply a significant increase in computational complexity at the base station side.
· Observation 3: A shift of the NPRACH sub-carrier frequency raster will potentially impact orthogonality between NPRACH, NPUSCH and LTE sub-carriers.
· Observation 4: Shifting the whole FFT grid may cause unpredictable impact to LTE UE (inband) and Rel-13/14 NB-IoT UE.
· Observation 5: The cell specific frequency shift is incompatible with the 1.25 kHz NPRACH numerology.
· Observation 6: For 3.75 kHz numerology, a new frequency hopping pattern in Release 15 will increase the total number of hopping patterns that needs to be hypothesized by an eNB receiver. This may negatively impact the eNB implementation complexity.
· Observation 7: Symbol group level scrambling is less effective in mitigating inter-cell interference than symbol level pairwise scrambling. 
· Observation 8: Using pairwise (symbol level) scrambling with symbol-by-symbol processing of NPRACH preamble does not cause inter-subcarrier interference. It minimizes the impact on base station receiver implementation. 
· Observation 9: It is possible to leverage a longer scrambling sequence to further improve the false alarm rate. For example, using length-12 scrambling sequences, we may construct a codebook of length-24 codewords for the entire repetition unit (4 symbol groups with 6 symbols per symbol group). Another option is to use a cover code on top of the basic codewords defined for a symbol group (Codeword set X).   
· Proposal 1: The NPRACH Release 15 design should support the flexibility to use dedicated time-frequency resources as well as to reuse the resources configured for Release 13/14 NPRACH. 
· Proposal 2: The NPRACH Release 15 scrambling design should be applicable to all Release 13/14/15 NPRACH formats. 
· Proposal 3: The cell specify frequency shift is not considered in Release 15.
· Proposal 4: Improved frequency hopping pattern is introduced for 1.25 kHz NPRACH to enhance reliability.
· Proposal 5: Pairwise symbol level scrambling is proposed for NPRACH reliability enhancement.
R1-1804194 NPRACH reliability enhancement for NB-IoT	ZTE, SaneChips
· Observation 1:Rel-15 NPRACH with symbol level scrambling will cause strongly interference to legacy NPRACH.
· Observation 2：For small overlapping ratio, scrambling code can effectively reduce FAP while maintaining 1% miss detection rate. 
· Observation 3：For large overlapping ratio, the effectiveness of scrambling code will reduce.
· Proposal 1：For NPRACH detection performance, the probability of missed detection should be <= 1%
· Proposal 2： Symbol group level scrambling code shall be used for NPRACH reliability enhancement.
· Proposal 3：It is suggested that that length 2 scrambling code {1 1;1 -1;1 j;1 -j} is adopted.

R1-1804266 NPRACH reliability enhancement in NB-IoT	Nokia, Nokia Shanghai Bell
· Proposal 1: Confirm the working assumption from RAN1#92 that symbol or symbol-group level scrambling is introduced to enhance NPRACH reliability.
· Proposal 2: Use symbol-group level scrambling to enhance NPRACH reliability.

R1-1804336 Reliability enhancements for NPRACH	Samsung
· Observation 1: For symbol level scrambling, when a length-6 scrambling sequence is used for one symbol group, inter-tone interference will be introduced and have an impact on detection performance.
· Observation 2: For symbol level scrambling, when a shorter scrambling sequence is used, and each value in the scrambling sequence is adopted to multiple symbols within the same symbol group (e.g. “AAABBB”-type), the  inter-tone issue can be solved at the expense of significantly increased overhead.
· Proposal: For enhancement of NPRACH reliability, symbol group level scrambling is preferred due to no additional inter-tone interference.

R1-1804526 Remaining issues on reliability enhancements for NPRACH	LG Electronics
· Proposal 1: RAN1 to confirm the following working assumption on NPRACH reliability enhancement from RAN1 #92 meeting.
Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
Down-select the following alternatives at RAN1#92bis:
Symbol level scrambling
Symbol group scrambling
· Proposal 2: Adopt symbol group-level scrambling for NPRACH reliability enhancement.
· Proposal 3: The partitioning of legacy NPRACH resource is supported for NPRACH reliability enhancements and the new resource allocation parameter for enhanced preamble should be broadcasted as system information.
· Proposal 4: The enhanced NB-IoT UE going to transmit the enhanced preamble should select the NPRACH carrier among the NPRACH carriers which have the NPRACH resource for enhanced preamble for an appropriate CE level.

R1-1804928 NPRACH Reliability Enhancement	Qualcomm Incorporated
· Observation 1: With symbol-level scrambling, it’s unclear how to maintain FFT processing without significant loss in signal energy and NPRACH signals at different tones within a cell are no longer orthogonal. 
· Observation 2: For NPRACH with frequency shift, both of the two existing receiver architectures can be applied without increase in implementation complexity. NPRACH signals with different k values can be detected without additional FFT processes. 
· Proposal 1: Adopt the following enhancements for NPRACH:
A frequency shift of k*0.75 kHz is applied
FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].
A phase rotation of m*p/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
Signalling of the above frequency shift and phase rotation is FFS: by SIB or by specification as cell ID dependent.




In RAN1#92, the following working assumption was included to down select from symbol or symbol group level scrambling.
“
Working Assumption
· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
· Down-select the following alternatives at RAN1#92bis:
· Symbol level scrambling
· Symbol group scrambling
“. 

Way forwards
From the submitted contributions, most of the sourcing companies support  the working assumption made in RAN1#92. Therefore, 
Proposal 1. Confirm the working assumption made in RAN1#92. 

Furthermore, four sourcing companies [3][4][5][6] support symbol group scrambling, and two sourcing companies [1][2] support symbol level scrambling. One sourcing company [7] supports 750 Hz offset per cell with phase rotation. Notice that [7] is revised to [15]. 
Four sourcing companies provided evaluation results of different schemes. In [1] and [2], the simulation results showed that symbol level scrambling gives better performance in terms of false alarm rate and miss detection rate than symbol group scrambling. In [3] the false alarm rate and miss detection rate of symbol group scrambling are presented. In [7], only the ToA estimation CDF is presented, no results of the false alarm rate and miss detection rate. Notice that in[15], it showed performance of the scheme presented in [7], but these results are only for the case of 32 repetitions at MCL 164 dB, no results on the 2 repetitions at MCL 144 dB were shown. No simulation results are provide in [4][5][6]. 
In summary, four companies support symbol group scrambling, but only one of them provides simulation results. Two companies [1][2] support symbol level scrambling and both showed that symbol level scrambling gives better performance than symbol group scrambling. However, in [7] it questions about that with symbol-level scrambling, it’s unclear how to maintain FFT processing without significant loss in signal energy and NPRACH signals at different tones within a cell are no longer orthogonal.
Based on the discussions and simulation results, it is proposed 
Proposal 2. Down-select the following alternatives at RAN1#92bis:
Symbol level scrambling
Symbol group scrambling

Range enhancements for NPRACH
A list of contributions as well as their observations and proposals are summarized as follows. 
	
R1-1804527 Resource configuration for NPRACH range enhancement	LG Electronics
· Proposal 1: Support time/frequency sharing of the NPRACH resources between the preambles for NPRACH range enhancement and the preambles for legacy NB-IoT. 
· Proposal 2: The boundary in time of one repetition of the preamble for NPRACH range enhancement is aligned with the boundary in time of N=2^n (n is a positive integer) repetitions of the legacy preamble.
• FFS exact value of N
· Proposal 3: Support coexistence of NPRACH resources of the preambles for range enhancement and the preambles for legacy NB-IoT in the legacy contention-based and the contention-free NPRACH time/frequency regions. 
• When the frequency resources for NPRACH range enhancement are configured in the legacy contention-based NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 3.75 kHz spacing with a 1.25 kHz offset from the frequency locations of the legacy NPRACH resources.
• When the frequency resources for NPRACH range enhancement are configured in the legacy contention-free NPRACH time/frequency region, the frequency resources for NPRACH range enhancement are in 1.25 kHz.
· Proposal 4: Support intermediate (between the minimum and maximum) hop distance between the two adjacent preambles for NPRACH enhancement to guarantee the same level of timing estimation performance as the legacy preamble.
• Minimum hop distance is 1.25 kHz
• Maximum hop distance is 3.75 * 6 kHz or 1.25 * 18 kHz (same as in legacy preamble)
• FFS exact value of intermediate hop distance
· Proposal 5: For the preamble for NPRACH range enhancement, if the time gap between the end of the last repetition of the preamble and the start of the next subframe is smaller than X, puncture the last repetition of the preamble. (X is determined based on the required guard time ~ 666.7 us)
• FFS exact value of X

R1-1803879 NPRACH enhancement for cell radius extension	Huawei, HiSilicon
· Observation 1: The proposed NPRACH solution outperforms others at the same MCL or at the same transmission duration.
· Proposal 1: The new NPRACH format has: 
6 symbol groups per preamble.
Symbol-group level frequency hopping within one preamble
1st to 2nd symbol group and 5th to 6th symbol group: 1.25 kHz hopping gap in opposite directions.
2nd to 3rd symbol group and 4th to 5th symbol group: 3.75 kHz hopping gap in opposite directions.
3rd to 4th symbol group hopping gap: 22.5 kHz.
· Proposal 2: Each symbol group of the new NPRACH format contains a CP and 3 symbols.
· Proposal 3: The NPRACH frequency hopping range of the new NPRACH format is 45 kHz.
· Proposal 4: Symbol level scrambling is applied on top of the new NPRACH format to further improve reliability. The symbol-level scrambling code set is:
· Proposal 5: The resources configured for NPRACH format 2 are separate from the NPRACH resources of Rel-13/Rel-14.
· Proposal 6: For NPRACH format 2, the following RRC parameters are signaled:
The following NPRACH resource configuration parameters and value ranges can be reused from NPRACH format 0/1: nprach-StartTime, numRepetitionsPerPreambleAttempt, nprach-Periodicity, nprach-SubcarrierMSG3-RangeStart, npdcch-NumRepetitions-RA, npdcch-StartSF-CSS-RA, npdcch-Offset-RA, npdcch-CarrierIndex .
The following frequency domain parameters have new value ranges for NPRACH format 2:
nprach-CP-Length: 800 us
nprach-SubcarrierOffset: {0, 36, 72, 108, 6, 54, 102, spare} subcarriers
nprach-NumCBRA-StartSubcarriers: {24, 30, 33, 36, 60, 66, 69, 72, 96, 102, 105, 108, 120, 132, 138, 144} subcarriers
nprach-NumSubcarriers: {36, 72, 108, 144} subcarriers
· Proposal 7: For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.
· Proposal 8: For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resource in the cell, the NPUSCH transmission is postponed.


R1-1804163 NPRACH range enhancements for NB-IoT	Ericsson
· Observation 1: With 1.25 kHz numerology, eNB complexity is increased since the FFT operation needs to be carried out on a 3x finer grid.
· Observation 2: Pairwise symbol-level scrambling maintains the feasibility of FFT processing and orthogonality of preambles on different tones.
· Based on the discussion in this contribution, we propose the following:
· Proposal 1: With 1.25 kHz subcarrier spacing, a NPRACH symbol group consists of 1 CP + 3 symbols.
· Proposal 2: With 1.25 kHz subcarrier spacing, the smallest NPRACH band consists of 36 subcarriers.
· Proposal 3: With 1.25 kHz subcarrier spacing, the frequency hopping pattern consists of both inner layer fixed size hopping and outer layer pseudo-random hopping.
· Proposal 4: With 1.25 kHz subcarrier spacing, the range of the outer layer pseudo-random hopping can scale with the number of configured NPRACH subcarriers.
· Proposal 5: With 1.25 kHz subcarrier spacing, a basic NPRACH repetition unit consists of 5 symbol groups.
· Proposal 6: With 1.25 kHz subcarrier spacing, adopt the hopping pattern in Figure 7 for the hopping of symbol groups within a NPRACH repetition unit.
· Proposal 7: With 1.25 kHz subcarrier spacing and NPRACH band of minimum 36 subcarriers, finer FDM is supported.
· Proposal 8: With 1.25 kHz subcarrier spacing, pairwise symbol-level scrambling is proposed for reliability enhancement.

R1-1804193 NPRACH range enhancement	ZTE, SaneChips

· Observation 1: Preamble design with pairwise hopping can effectively eliminate the effect of CFO.
· Observation 2:  To meet the TA detection requirement in TS36.104 (-3.645us，+3.645us), ALT1 requires much less SNR than ALT3.
· Proposal 1:  Adopt the three level pairwise hopping in the preamble design.

R1-1804268 NPRACH cell range enhancement in NB-IoT	Nokia, Nokia Shanghai Bell
· Proposal 1: For NPRACH 1.25 kHz design, the followings are proposed –
Symbol group of CP + 2 symbols
8 symbol groups per repetition
Symbol-group level hopping with the following step sizes – 1.25 kHz, 6x1.25 kHz, 18x1.25 kHz

R1-1804927 NPRACH support for large cell access	Qualcomm Incorporated
· Proposal 1: For new NPRACH format with 1.25 kHz subcarrier spacing, 
A symbol group of CP + 3 symbols
One repetition consists of 4 symbol groups 
The 3 levels symbol-group frequency hopping in a preamble with hopping distance are 1.25KHz, 3.75KHz, and 22.5KHz respectively




In RAN1#92, the following agreements were made for NPRACH range enhancement. 

“
Agreement
For NPRACH range enhancement,
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
· Only 800 us CP length is supported.
“.
The proposed NPRACH designs are summarised as follows. 

	NPRACH range enhancement
	Ericsson
	Huawei
	ZTE
	Qualcomm
	Nokia
	LG

	Preamble structure
	One SG: CP+3
Symbols (3.2 ms)

One rep: 5 SGs
(16 ms)
	One SG: CP+3 symbols (3.2 ms),

One rep: 6 SGs
(19.2 ms)
	One SG: CP+2 symbols (2.4 ms),
One rep: 7 SGs (16.8 ms)
	One SG: CP+3 symbols (3.2 ms),
One rep: 4 SGs
(12.8 ms)
	One SG: CP+2 symbols (2.4 ms),

One rep: 8 SG  (19.2 ms)
	One SG: CP+3 symbols (3.2 ms),

One rep: 4 or 8 SGs
(12.8 or 25.6 ms)

	Frequency hopping
	2-level  
-/+ 1.25 kHz
-/+ 22.5 kHz
	3-level
-/+ 1.25 kHz
-/+ 3.75 kHz
22.5 kHz
	3-level 
-/+ 1.25 kHz
-/+ 7.5 kHz
-/+ 30 kHz
	3-level
1.25 kHz
3.75 kHz
22.5 kHz
	3-level
-/+ 1.25 kHz,
-/+ 7.5 kHz,
-/+ 22.5 kHz
	3-level
1.25 kHz
FFS kHz
22.5 kHz

	Reverse hopping directions within repetition
	Full
	Partial
	Full 
	None
	Full
	Full

	Minimum NPRACH bandwidth
	45 kHz
	45 kHz
	N/A
	N/A
	N/A
	N/A




Different souring companies proposed different designs, and two companies [9] and [11] provide simulation results. 

Way forwards
Based on the understandings of the feature lead, the following proposals should be easily agreeable. Hence, it is proposed that
Proposal 1. Minimum NPRACH bandwidth is 45 kHz. 
Proposal 2. For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.

For the NPRACH preamble structure, we have five different designs out of six sourcing companies. On the symbol group structure, four companies prefer CP+3 symbols, and two companies prefer CP+2 symbols. The proposals on the number of symbols groups (SGs) in each repetition are also different. 

Proposal 3. From one NPRACH symbol group, own-select the following alternatives at RAN1#92bis 
· CP+3 Symbols
· CP+2 Symbols
Proposal 4. FFS the number of symbol groups per NPRACH preamble repetition. 

From the discussions, it is observed that reversed hopping direction can help to improve the performance, as it cancels out the frequency errors. In total, three sourcing companies support a reversed hopping pattern in larger bandwidth, i.e., -/+ 22.5 kHz or -/+ 30 kHz, and one sourcing supporting a -/+ 3.75 kHz reversed hopping pattern. Therefore, it is proposed 

Proposal 5. Reversed hopping patterns are supported in NPRACH range enhancements. 
· FFS the detailed hopping patterns. 

For NPRACH resource configurations, two sourcing companies expressed opinions in [8] and [9]. In [8], it is proposed that “time and frequency resource sharing between the NPRACH resources for NPRACH format 2 and the NPRACH resources of Rel-13/Rel-14 should be sought as much as possible”, and in [9] it is proposed that “The resources configured for NPRACH format 2 are separate from the NPRACH resources of Rel-13/Rel-14.”
Proposal 6. RAN1 decides whether the new NPRACH format needs to be separate from the NPRACH resources of Rel-13/Rel-14.


Other proposals from different sourcing companies that seems to be agreeable 

Collision avoidance [9]
· For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.

Outer layer pseudo-random hopping [10]
· The outer layer pseudo-random hopping can be the same as Rel-13 NPRACH, 
· FFS the relaxation that pseudo-random hopping can be larger than 45 kHz.
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