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[bookmark: _Toc533002893]1	Introduction
In this contribution, we discuss the design of signals and channels for initial access for NR-U, specifically
· DL discovery reference signal (DRS)
· Physical random access channel (PRACH)
[bookmark: _Toc533002894]2	DRS
[bookmark: _GoBack]In the SI phase [1], it was agreed that inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial. In this section we further discuss ways of achieving efficient multiplexing of SS/PBCH block(s) and RMSI. 
In many parts of the world the regulation for unlicensed bands include EIRP limits. Because the beamforming gain is included in the EIRP, using beamforming to increase coverage might not be feasible (assuming the device is able to reach maximum output power with omni-directional transmissions). However, in general beamforming can also be used to reduce interference. NR supports that the UE implicitly indicates the best SS/PBCH block to the gNB during the RACH procedure. This information can then be used in the gNB precoder selection, allowing the gNB to reduce interference for upcoming beamformed PDSCH transmissions. Thus, we think that even for the cases where SS/PBCH block coverage cannot be improved by beamforming, supporting beamformed SS/PBCH blocks has other merits. Thus, we see no reason to restrict this for NR-U.
[bookmark: _Toc528958966][bookmark: _Toc533002519][bookmark: _Toc533002720][bookmark: _Toc533002992][bookmark: _Toc534128205][bookmark: _Toc534881569][bookmark: _Toc534893708][bookmark: _Toc534969022]NR supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
One example of a potential compact DRS composition for 30kHz subcarrier spacing is shown in Figure 1 for the case of 4 SS/PBCH blocks within a burst set. This example uses the Case C SS/PBCH time domain block pattern as defined in [5], Section 4.1. As shown in the next section, this time domain pattern is useful when DRS contains RMSI (SIB1), e.g., for standalone deployments. The length is restricted to 1 ms in order to use Cat-2 LBT in-line with agreements in the SI phase [1] Section 7.2.1.3.1: 
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms



Because a PDCCH search space occurs every half slot, i.e., 7 OS (see discussion in next section), LBT can be attempted every half-slot. In the figure, SSBX (Y) denotes an SS/PBCH block with index X and effective SS/PBCH block index Y as discussed in [2]. In this example, the DRS is time shifted by a half slot due to LBT failure at the beginning of the first slot. As discussed in [2], the effective index Y allows the UE to determine which SS/PBCH block from one DRS burst to another that are QCL’d, even though the SS/PBCH actual signaled block indices X may be different from burst to burst because of potential time shifting due to LBT failure.
 [image: ]
[bookmark: _Ref534123387][bookmark: _Ref534123368]Figure 1: Example of a potential DRS composition for 30kHz subcarrier spacing.
To improve robustness of the SIB1 transmission it is desirable to enable soft combining of different SIB1 redundancy versions. In this example RV0 and RV3 has been chosen as they are self-decodable.
[bookmark: _Toc528958967][bookmark: _Toc533002520][bookmark: _Toc533002721][bookmark: _Toc533002993][bookmark: _Toc534969024]Support soft combining of different SIB1 redundancy versions within the DRS.
During the SI phase, it was discussed if and how to support beam repetition for soft combining of SSBs within the same DRS transmission. Using the mechanism in [2] with N=1, basic repetition can be achieved. It can be further discussed whether or not soft combining of PBCH within the same DRS transmission is supported given that the SSB index in PBCH must change every 8th SS/PBCH block in order for the UE to derive frame timing.
[image: ]
[bookmark: _Ref534888363]Figure 2: Example of a potential DRS composition for 30kHz subcarrier spacing, with N=1 achieving basic repetition.
[bookmark: _Toc533002895]2.1	DRS with RMSI 
Here we discuss changes needed to Rel-15 NR to accomplish efficient multiplexing of RMSI-CORESET(s)+PDSCH(s) (carrying RMSI), and in particular we provide example configurations realizing the NR-U DRS depicted in Figure 1 and Figure 2.
The UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of the Type0-PDCCH common search space (CORESET0) from the four most significant bits of pdcch-ConfigSIB1 (included in the MasterInformationBlock) as described in Tables 13-1 through 13-10 in 38.213. The UE determines PDCCH monitoring occasions from the four least significant bits of pdcch-ConfigSIB1, included in MasterInformationBlock. Assuming 30 kHz sub-carrier spacing for both SS/PBCH block and PDCCH and a channel bandwidth of 20 MHz, the configurations in Table 13-4 are applicable. Using, e.g. index 11, the CORESET would be 48 RBs wide in frequency, one symbol long in time and the SS/PBCH block would be centered in the middle of the CORESET as illustrated in Figure 1.
We point out that configuration of a 48 PRB CORESET0 is consistent with the following agreement from the SI phase captured in the TR [1], Section 7.2.1:
Initial active DL/UL BWP is approximately 20MHz for 5GHz band, though the final value will be quantized to number of PRBs. Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band. 
Next, turn to the parameters for PDCCH monitoring occasions in Table 13-11 in 38.213. To achieve a compact NR-U DRS design is preferable if each PDCCH is located in the same slot as the corresponding SS/PBCH block. Thus, use of a configuration (such as index 1 in Table 13-11) with O=0 and 2 search space sets per slot can achieve this. However, in Table 13-11 all configurations have the second PDCCH monitoring occasion starting in the symbol after the first PDCCH monitoring occasion. Thus, to allow the PDCCH to be placed in the eighth symbol as shown in Figure 1 some minor modifications to the configurations would be needed.
[bookmark: _Toc528958960][bookmark: _Toc534969025]Support at least one additional configuration for NR-U with the second PDCCH monitoring occasion in the Type0-PDCCH common search space placed at the 8th symbol in a slot.
In NR Rel-15, when receiving the PDSCH scheduled with SI-RNTI in PDCCH-Type0 common search space, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH. This assumption restricts the multiplexing possibilities between SS/PBCH blocks and PDSCH carrying RMSI. Specifically, it does not allow the PDSCH to be mapped “around” the SS/PBCH block as shown by the pink shading in Figure 1. Thus, we propose to modify this assumption for the NR-U DRS.
[bookmark: _Toc534969026]To allow for efficient FDM and TDM multiplexing of SS/PBCH block and PDSCH carrying RMSI, revisit the assumption that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH scheduled by SI-RNTI
As mentioned previously, the SS/PBCH block time domain pattern considered here is Case C as defined in [5], Section 4.1. This pattern is particularly useful for DRS that contains RMSI since there is a gap between each SS/PBCH block that may be filled with the a RMSI-CORESET and the corresponding PDSCH carrying RMSI (SIB1).
For standalone operation, the UE determines the time domain pattern for the SS/PBCH block(s) simply by knowledge of the operating frequency band. RAN4 has specified both the numerology and time domain SS/PBCH block pattern that the UE shall assume for each band in [6], Table 5.4.3.3-1. In most cases, only a single numerology and a single SS/PBCH block time domain pattern are defined for each band which minimizes the number of blind searches that the UE is required to perform in order to obtain synchronization. With the same motivation, it was agreed in the SI phase [1] that the UE shall assume a single SS/PBCH numerology for unlicensed bands: 
For unlicensed PCell, the UE assumes single SSB numerology per band.
In the NR-U WID [7], it has been agreed that 60 kHz SS/PBCH blocks are outside the scope of the WI. Hence, this leaves 15 and 30 kHz as options for the SS/PBCH blocks. It seems natural that 30 kHz should be the single numerology for standalone operation based on the outcome of the SI. As discussed above, Case C is a natural candidate for a single SS/PBCH block time domain pattern. Hence for standalone operation we propose the following:
[bookmark: _Toc534969027]If the UE is not configured with SCS for SS/PBCH block(s) on an unlicensed serving cell (i.e., for standalone operation), the UE may assume that the SS/PBCH block(s) are transmitted with 30 kHz SCS and the Case C time domain pattern defined in 38.213 Section 4.1. Send an LS to RAN4 with this recommendation.
2.2	DRS without RMSI
The previous section focused on a DRS design with efficient multiplexing of an SS/PBCH block burst with RMSI-CORESET(s) and PDSCH(s) carrying RMSI (SIB1). While this is needed for standalone deployments, it is also needed in some cases for non-standalone (NSA) deployments, e.g., when ANR is used requiring the UE to read the cell global identifier from SIB1. In some other cases, however, the DRS need not always include RMSI. In such cases, it is beneficial to avoid gaps in the SS/PBCH block time domain pattern as much as possible to minimize the number of LBT operations that are needed when transmitting DRS.
For 30 kHz SS/PBCH blocks, there are two available time domain patterns defined for NR Rel-15: Case B and Case C (see [5], Section 4.1). The Case B pattern has two back-to-back SS/PBCH blocks within each slot. Such a pattern can be useful for minimizing gaps, and is attractive for NSA operation if RMSI is not contained in the DRS.
For non-standalone operation, the UE is RRC configured with the SS/PBCH block SCS where the RRC signaling is carried over the licensed carrier. Based on the configured SCS, the UE then determines the SS/PBCH block time domain pattern through a set of rules in 38.213, Section 4.1 (see [5]). For NR Rel-15, there is a single pattern (Case A) available for 15 kHz SCS and two patterns (Case B and C) for 30 kHz SCS. Accounting for both the case when the DRS contains RMSI and does not contain RMSI, we make the following proposal resulting in a small change to the existing rules:

[bookmark: _Toc534969028]If the UE is configured with SCS for SS/PBCH block(s) on an unlicensed serving cell (i.e., for non-standalone operation), the UE may assume the SS/PBCH block(s) are transmitted with the following time domain pattern:
a. [bookmark: _Toc534969029]Case A if 15 kHz SCS configured as in NR Rel-15
b. [bookmark: _Toc534969030]Case C if 30 kHz SCS configured and Type-0 CSS configured for scheduling SIB1 within the DRS
c. [bookmark: _Toc534969031]Case B if 30 kHz configured and Type-0 CSS is not configured
[bookmark: _Toc533002896]3	PRACH
In this section, we discuss PRACH design for NR in unlicensed spectrum. 
In NR-U, PRACH transmission should be supported for both stand-alone and dual connectivity scenarios (NR-U + LTE and NR-U + NR). In NR, both long (L = 839) and short (L = 139) preamble sequences are supported. The long preambles mainly target large cell deployments. Since NR-U is expected to be deployed in relatively small cells, only short preambles are of interest for NR-U operations. 
[bookmark: _Toc506553721][bookmark: _Toc510450967][bookmark: _Toc510452867][bookmark: _Toc510731132][bookmark: _Toc510731379][bookmark: _Toc510775729][bookmark: _Toc534969032]For NR-U, support short PRACH sequence length (LRA = 139). The long PRACH sequence length (LRA = 839) is not supported.
In NR, for short (L=139) preamble sequences, a number of preamble formats are defined. For each format, the cyclic prefix duration is defined in Table 6.3.3.1-2 in [3], and it is inversely proportional to the subcarrier spacing. Based on the cyclic prefix durations, Table 1 below lists the maximum cell radius for different formats with different subcarrier spacings. Given that small cells are targeted for NR-U deployment, some formats that are designed for rather large cells can be excluded for NR-U. Observing the maximum cell radius for 30 kHz subcarrier spacing, it is clear that formats C0, and C2 target quite large cells. Based on this we propose the following down-selection of preamble formats for NR-U. It can be further discussed if additional formats should be excluded.
[bookmark: _Toc534969033]For NR-U, support at least short sequence preamble formats A1 – A3 and B1 – B4.
[bookmark: _Ref518640255]Table 1 Maximum cell radius for preamble formats with short sequences
	Preamble format
	Number of OFDM symbols
	Maximum cell radius (in meters)

	
	
	SCS 15kHz
	SCS 30kHz

	A
	1
	2
	938
	469

	
	2
	4
	2109
	1054

	
	3
	6
	3516
	1758

	
B
	1
	2
	586
	293

	
	2
	4
	1055
	527

	
	3
	6
	1758
	879

	
	4
	12
	3867
	1933

	C
	0
	1
	5300
	2650

	
	2
	4
	9200
	4600



[bookmark: _Hlk520217001]As agreed in SI phase [1], Section 7.2.1.2, an interlaced design for PRACH is beneficial for scenarios in which regulations stipulate a constraint on the maximum PSD and/or a constraint on the minimum occupied channel bandwidth. To design frequency domain interlaced PRACH for NR-U, one must consider the RAN4 defined number of available PRBs for a given carrier bandwidth and subcarrier spacing combination. This may lead to a design in which not all interlaces have the same number of PRBs, i.e., a non-uniform interlace design. For PUSCH and PUSCH, such a non-uniform interlace design was agreed in the SI phase.
[bookmark: _Toc510452868][bookmark: _Toc510731133][bookmark: _Toc510731380][bookmark: _Toc510775730][bookmark: _Toc534969034]The design of interlaced PRACH must consider the RAN4 defined number of available PRBs for different carrier bandwidths and sub-carrier spacings, e.g., 51 (106) PRBs for 30 (15) kHz SCS for 20 MHz carrier bandwidth.
In the SI phase, it was identified that for uplink data and control channels, a PRB-based block interlaced design, common to both PUSCH and PUCCH, is beneficial. For ease in multiplexing different channels of the same or different users, e.g., PRACH, PUSCH/PUCCH, and SRS, it is desirable to keep a consistent structure across all uplink channels. Hence, a PRB-based frequency domain interlaced structure should be adopted for PRACH as well allowing such multiplexing. In contrast, interlacing based on REs (tone interlacing)  as described in the NR-U TR [1] will lose this consistency, resulting in complications in multiplexing PRACH from one user and PUSCH/PUCCH/SRS from other users.
One such complication is that tone interlacing effectively punctures one or more REs from every PRB. This makes a collision with PUSCH/PUCCH DMRS of another user, thus requiring that that user punctures the DMRS pattern. This not only complicates the channel estimator at the gNB, but has an impact on PUSCH/PUCCH demodulation performance. These complications are illustrated in Figure 3 where a pure tone interlacing structure for a single PRB is shown. It is assumed that 3 out of 12 REs are used for each PRACH occasion – 2 such PRACH occasions are illustrated. This could correspond, for example, to a 20 MHz carrier with 30 kHz SCS in which 48 out of the 51 available PRBs are used for PRACH. This results in 48 PRBs * 3 REs/PRB = 144 REs used for PRACH based on a PRACH sequence length of LRA = 139 (last 5 REs set to zero). As can be seen, for both Type1 and Type2 DMRS patterns, a subset of the DMRS REs are punctured which is undesirable.
[bookmark: _Toc521514357][bookmark: _Toc521514686][bookmark: _Toc521677197][bookmark: _Toc533002521][bookmark: _Toc533002722][bookmark: _Toc533002994][bookmark: _Toc534128206][bookmark: _Toc534881570][bookmark: _Toc534893709][bookmark: _Toc534969023]A pure tone interlacing structure introduces complications for multiplexing PRACH with other UL signals/channels.
[image: ]
[bookmark: _Ref519845537]Figure 3: Complications in FDM multiplexing of PUSCH and tone-interlaced PRACH
In contrast, PRB-based interlacing avoids such complications by placing RACH on one set of PRB-interlaces and PUSCH/PUCCH on a separate (orthogonal) set of PRB-interlaces thus avoiding PRACH/DMRS collisions. This is attractive in the sense that it preserves the fundamental scheduling unit of NR (a PRB), as well as preserving the existing DMRS patterns defined for NR. Based on this we propose the following: 
[bookmark: _Toc520113625][bookmark: _Toc520130614][bookmark: _Toc534969035][bookmark: _Toc506553723][bookmark: _Toc510450969][bookmark: _Toc510452869][bookmark: _Toc510731134][bookmark: _Toc510731381][bookmark: _Toc510775731]Support a PRB-based frequency domain interlaced structure for PRACH. A pure tone interlacing structure for PRACH need not be further considered.
In NR Rel-15, RMSI (SIB1) contains the IE RACH-ConfigCommon which contains the field msg1-SubcarrierSpacing which has the following description [4]
	msg1-SubcarrierSpacing
Subcarrier spacing of PRACH. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable. Corresponds to L1 parameter 'prach-Msg1SubcarrierSpacing' (see 38.211, section FFS_Section). If absent, the UE applies the SCS as derived from the prach-ConfigurationIndex in RACH-ConfigGeneric (see 38.211, section XXX).



Clearly, only subcarrier spacings of 15 and 30 kHz are supported for PRACH for FR1. Support for 60kHz SCS for PRACH would require modifications to the signaling specified for Rel-15 NR. Furthermore, from an initial access perspective, since 60 kHz for DRS is out-of-scope for the WI (see WID in [7]), it does not appear to be beneficial to support 60 kHz only for PRACH. Moreover, from a NR-U performance perspective, we have not observed improved performance for 60 kHz SCS compared to 30 kHz for data (see evaluation in [8]). Based on this, we propose the following:
[bookmark: _Toc520113627][bookmark: _Toc520130616][bookmark: _Toc534969036]Support a PRB-based frequency domain interlaced structure for PRACH for 15 kHz and 30 kHz SCS.
[bookmark: _Toc534969037]60 kHz SCS for PRACH is not supported for NR-U.
[bookmark: _Toc533002897]3.1	PRB-Based Interlaced Design Considerations for PRACH
In NR Rel-15, PRACH for a given user consists of the transmission of a length-139 Zadoff-Chu sequence in multiple consecutive OFDM symbols. This is accomplished by mapping values of the FFT of the Z-C sequence to contiguous PRBs in the frequency domain. For the short preamble (length 139), 12 PRBs (144 REs) are needed. Due to the contiguous mapping in the frequency domain, when the IFFT is performed at the UE transmitter, the attractive properties of the Z-C sequence are preserved. Namely, the cross-correlation between the sequence and a cyclically shifted version of the same sequence is non-zero only at the lag corresponding to the cyclic shift (delay). Furthermore, the cross-correlation between two sequences with different roots is constant at all lags with value 1/sqrt(139). Both are desirable from a PRACH detection and timing estimation point of view.
For the case of no interlacing (NR baseline), the output of the PRACH detector is shown in Figure 4(a) when the hypothesized sequence is the same as the transmitted sequence. The PRACH detector performs a correlation between the received sample sequence and the hypothesized PRACH sequence. In this example, the sub-carrier spacing is 30 kHz, an AWGN channel with propagation delay 1 μs is assumed, and the SNR is very large (no noise). Clearly the detector output has a peak at 1 us resulting in an accurate timing estimate. Figure 4(b) shows the PRACH detector output when the hypothesized sequence is different than the transmitted sequence. Evidently, the detector output is small at all lags consistent with the cross-correlation properties of Z-C sequences mentioned above.

	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref519862357]Figure 4: PRACH detector output for no interlacing, SCS = 30 kHz, AWGN channel, delay = 1 μs when the hypothesized sequence is either (a) same, or (b) different than the transmitted PRACH sequence.
Unlike baseline NR, the Z-C sequence for PRACH is not mapped to contiguous PRBs for the case of a PRB-based interlace design. This affects the autocorrelation properties of the transmitted sequence. Namely, sidelobes (or false peaks) are introduced. If care is not taken in the interlace design, the sidelobes could lead to timing estimation errors. However, if the interlace design ensures that the sidelobe levels are sufficiently low, then this issue is avoided, since the PRACH detection and timing estimation is based on finding the peak with the maximum amplitude. Fortunately, the shape of the sequence autocorrelation and thus the sidelobe levels are a function only of the interlace design, not of individual Z-C sequence roots, thus simplifying the design problem. The key to controlling the sidelobe levels is to introduce some irregularity into the PRB pattern. We have found that it does not take much irregularity to have a well-performing design.
Figure 9 in Appendix #1 shows an exemplary design for the case of 20 MHz channel with 30 kHz SCS in which RAN4 has defined 51 PRBs. In this example, a regular interlace structure is used consisting of 5 interlaces with nominally 10 PRBs per interlace. Note that one interlace has 11 PRBs. Such a regular structure is convenient in order to minimize the overhead in signalling PUSCH allocations. We note that one RACH occasion (RO) in the frequency domain requires 12 PRBs, whereas a single interlace has only 10 PRBs. However, this fact can be used to introduce the required irregularity for PRACH. The extra 2 PRBs can be placed in such a way to “break up” the regular interlace pattern. As can be seen in Figure 9, RO1 uses all ten PRBs of Interlace 1 and two PRBs of Interlace 3. Similarly, RO2, uses all ten PRBs of Interlace 2 and two PRBs of Interlace 4. RO3 and RO4 are defined in a similar fashion except minor adjustments to the pattern are needed in case either RO1 or 2 have already used a PRB.
With such a design, it is easy to FDM multiplex PUSCH/PUCCH on the unused interlaces. For example, if only RO1 and 2 are configured, Interlaces 3, 4, and 5 are available for PUSCH/PUCCH except in 4 distinct PRB locations (3, 9, 23, and 29) where the extra 2 out of 12 PRBs for PRACH RO1 and RO2 are allocated outside their “primary” interlaces. These exceptions would be known to the UE since it is naturally aware of the PRACH configuration pattern through broadcast signalling (SIB1). We also note that the RACH capacity is identical to baseline NR where up to 4 RACH occasions (48 PRBs total) may be configured in a 20 MHz channel with 51 PRBs.
Figure 5 shows the output of the PRACH detector for the PRB interlacing design in Figure 9 in Appendix #1. As before, the output is shown for the case that the hypothesized sequence is (a) the same, or (b) different than the transmitted sequence, thus illustrating the auto- and cross-correlation properties. As mentioned above, the non-contiguous mapping of the PRACH sequence in the frequency domain causes the auto-correlation to have sidelobes as illustrated in Figure 5(a); however, the sidelobe levels have been controlled by introducing some irregularity into the mapping. The resulting autocorrelation has a dominant peak at the true delay (1 μs). Even in the presence of a dispersive channel where the peak can be “smeared,” we have found that with this level of dominance, the performance is still very good, and compares favourably to the case of no interlacing.
We note that further optimization of the patterns is possible, and may be done in such a way to minimize the number of used interlaces for a given number of configured RACH occasions while still maintaining good irregularity resulting in low sidelobe levels. For example, for N ROs, it is possible to construct a pattern where only N + 1 interlaces are touched by PRACH, leaving 5 – (N+1) full interlaces for other signals/channels.
	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref519865665]Figure 5: PRACH detector output for the PRB-based interlacing design in Figure 9 for SCS = 30 kHz, AWGN channel, delay = 1 μs when the hypothesized sequence is either (a) same, or (b) different than the transmitted PRACH sequence.
[bookmark: _Toc533002898]3.2	Performance of PRB-Interlaced Design for PRACH
In the previous section, it is argued that an interlaced design with controlled sidelobes is desirable. Ultimately, what matters is the PRACH performance in terms of timing estimation error and miss-detection rate. The former can occur if either (a) the main peak in the autocorrelation function becomes smeared due, e.g., to channel with large delay spread, or (b) if a sidelobe level becomes greater than the main peak level due to a particular channel realization. The latter can occur, e.g., in low SNR conditions, if a sequence is actually transmitted, but peak value exceeds the detection threshold.
In what follows we show PRACH detection performance for a slightly different interlace design than the one shown in Appendix #1, but nonetheless, one that has a largely similar autocorrelation profile as in Figure 5(a). In this example, the underlying interlace structure uses 9 interlaces (instead of 5), where the first 6 interlaces have 6 PRBs each, and the last 3 have only 5 PRBs. For RO1, interlaces 1 and 4 are used resulting in 12 PRBs total, as needed for PRACH. This introduces sufficient irregularity to bring down the sidelobe levels, since the PRBs used for PRACH are not evenly spaced in the frequency domain as illustrated in Figure 6. This is in contrast to another possible design shown in the same figure which uses interlaces 1 and 2. The [1 2] design is too regular, resulting in sidelobe levels comparable the main lobe leading to timing estimation errors for some channel realizations.


[bookmark: _Ref520110453]Figure 6: Illustration of additional design possibilities for interlaced PRACH for a 20 MHz channel with 30 kHz SCS.
Figure 7 and Figure 8 show simulation results for both the [1 4] and [1 2] designs. We compare timing estimation performance and miss-detection rate in a fading channel with two different delays spreads (10 ns and 100 ns) based on the TDL-A profile (see [7]). In Figure 7, the timing estimation error is plotted in terms of a percentage of the OFDM symbol duration, and the operating SNR is assumed to be -2 dB which corresponds to less than 1% miss-detection rate.
As can be seen from Figure 7, the [1 4] design results in very good timing estimation performance - in fact, better than baseline NR with a non-interlaced design. The estimation error is within +/- 0.1% of the OFDM symbol period. The reason for the improvement is that the main peak in the autocorrelation function is sharper with the interlaced design since the PRACH signal bandwidth is larger than for the non-interlaced design. This effect can be seen comparing Figure 4 and Figure 5. As mentioned previously, the [1 2] design is unattractive, due to the large sidelobes either side of the main lobe which cause the timing estimate to be in error roughly 40 - 50% of the time. This highlights the need for an irregular interlace design to bring down the sidelobes.
As can be seen from the miss-detection performance results in Figure 8, the interlaced PRACH design has slightly worse miss-detection performance than the baseline NR (non-interlaced) design, but the trend with SNR is similar. Hence there appears to be a design trade-off: improved timing estimation error, but slightly degraded miss-detection rate. It is important to emphasize that timing estimation error performance is the more critical metric in the design. Furthermore, we point out that we have not optimized the PRACH detection thresholds. With some further optimization effort, it may indeed be possible to lower the miss-detection rate. 
Based on the above discussion, we propose the following. Note that this is Alt-2 for PRACH design as captured in the NR-U TR [1], Section 7.2.1.2.
[bookmark: _Toc534969038]For NR-U, in order to ensure good timing estimation error performance, support a PRB-based frequency domain interlaced structure for PRACH in which the mapping of PRBs to interlaces is sufficiently irregular to ensure low sidelobe levels in the sequence autocorrelation function, and good time separation of the main lobe and dominant sidelobes.
	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref520112986]Figure 7: Timing estimation error for [1 4] interlaced PRACH design in TDL-A channel with delay spread (a) 10 ns, and (b) 100 ns.
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	(a)	(b)
[bookmark: _Ref520113696]Figure 8: Miss-detection rate for [1 4] interlaced PRACH design in TDL-A channel with delay spread (a) 10 ns, and (b) 100 ns.
3.3	Proposed Simulation Assumptions for PRACH Design
To facilitate comparison of evaluations of PRACH schemes between companies, it is proposed to use a common set of simulation assumptions. Table 2 lists a set of assumptions that are based on what was agreed for use below 6 GHz in the Rel-15 NR PRACH simulation campaign [10], with some simplifications and adaptations, e.g. use of a traditional channel model TDL-A instead of the geometric CDL‑C model (since no beamforming used), and delay spreads covering both indoor (10 ns) and outdoor (300 ns) scenarios.
[bookmark: _Ref534974676]Table 2: Proposed Simulation Assumptions for PRACH Evaluation for NR-U
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-A

	Delay scaling(1)
	10 ns, 300 ns

	Antenna configuration at BS
	2 antennas (independently fading)

	Antenna configuration at UE
	1 antenna

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05 ppm at TRP (fixed), 0.1 ppm at UE (fixed)

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed [0, 2 µs] (corresponding to 300 ms cell range)

	PRACH Preamble Bandwidth
	Satisfy 80% OCB rule for 20 MHz carrier

	PRACH format
	 and number of OFDM symbols based on formats B1 and B3.
Randomly selected root sequence, with no cyclic shifts.
Each company should provide details on subcarrier mapping.

	Subcarrier spacing
	30 kHz. Companies are free to provide results for additional SCS values.

	Preamble detector
	Each company should provide details on used algorithm

	Detection Criteria
	1% maximum missed detection rate(2)

	
	0.1% maximum false alarm rate(3)

	
	1.2 µs maximum timing estimation error (assuming 30 kHz SCS)

	Formatting of results
	Missed detection rate vs. SNR(4)

	
	False alarm/false detection rate vs. SNR

	
	CDF of timing estimation error

	
	Peak-to-average power ratio and cubic metric

	(1) Delay scaling approach described in 3GPP TR 38.901, Section 7.7.3.

(2) The missed detection rate is defined as the ratio between the total number of transmitted but not detected preambles, and the total number of transmitted preambles within an observation interval. Note: preambles that are detected but with timing error greater than the maximum are considered as missed detection.
 
(3) Maximum rate when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). False alarm rate is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences.

(4) SNR is defined as the received signal power divided by the noise power on the subcarriers used by the PRACH preamble.



Simulation results should be presented as described in [10], including missed-detection rate vs SNR, false-alarm/false-detection rate vs SNR, and timing estimation error CDF. SNR is defined as the received signal power divided by the noise power on the subcarriers used by the PRACH preamble. Peak-to-average power ratio (PAPR) and cubic metric (CM) should also be provided.
[bookmark: _Toc534969039]For PRACH evaluations for NR-U, base simulation assumptions on the NR Rel-15 PRACH simulation campaign, with adaptations and simplifications according to Table 2.
[bookmark: _Toc533002899]4	Conclusion
Based on the discussion in this paper we observed the following:
Observation 1	NR supports beamformed SS/PBCH block transmissions and thus we see no reason to restrict this for NR-U.
Observation 2	A pure tone interlacing structure introduces complications for multiplexing PRACH with other UL signals/channels.

Based on the discussion in this paper we make the following proposals for DRS and PRACH design:
Proposal 1	Support soft combining of different SIB1 redundancy versions within the DRS.
Proposal 2	Support at least one additional configuration for NR-U with the second PDCCH monitoring occasion in the Type0-PDCCH common search space placed at the 8th symbol in a slot.
Proposal 3	To allow for efficient FDM and TDM multiplexing of SS/PBCH block and PDSCH carrying RMSI, revisit the assumption that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH scheduled by SI-RNTI
Proposal 4	If the UE is not configured with SCS for SS/PBCH block(s) on an unlicensed serving cell (i.e., for standalone operation), the UE may assume that the SS/PBCH block(s) are transmitted with 30 kHz SCS and the Case C time domain pattern defined in 38.213 Section 4.1. Send an LS to RAN4 with this recommendation.
Proposal 5	If the UE is configured with SCS for SS/PBCH block(s) on an unlicensed serving cell (i.e., for non-standalone operation), the UE may assume the SS/PBCH block(s) are transmitted with the following time domain pattern:
a.	Case A if 15 kHz SCS configured as in NR Rel-15
b.	Case C if 30 kHz SCS configured and Type-0 CSS configured for scheduling SIB1 within the DRS
c.	Case B if 30 kHz configured and Type-0 CSS is not configured
Proposal 6	For NR-U, support short PRACH sequence length (LRA = 139). The long PRACH sequence length (LRA = 839) is not supported.
Proposal 7	For NR-U, support at least short sequence preamble formats A1 – A3 and B1 – B4.
Proposal 8	The design of interlaced PRACH must consider the RAN4 defined number of available PRBs for different carrier bandwidths and sub-carrier spacings, e.g., 51 (106) PRBs for 30 (15) kHz SCS for 20 MHz carrier bandwidth.
Proposal 9	Support a PRB-based frequency domain interlaced structure for PRACH. A pure tone interlacing structure for PRACH need not be further considered.
Proposal 10	Support a PRB-based frequency domain interlaced structure for PRACH for 15 kHz and 30 kHz SCS.
Proposal 11	60 kHz SCS for PRACH is not supported for NR-U.
Proposal 12	For NR-U, in order to ensure good timing estimation error performance, support a PRB-based frequency domain interlaced structure for PRACH in which the mapping of PRBs to interlaces is sufficiently irregular to ensure low sidelobe levels in the sequence autocorrelation function, and good time separation of the main lobe and dominant sidelobes.
Proposal 13	For PRACH evaluations for NR-U, base simulation assumptions on the NR Rel-15 PRACH simulation campaign, with adaptations and simplifications according to Table 2.
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[bookmark: _Ref519864935][bookmark: _Hlk520284009]Figure 9: Exemplary PRB-based interlace design for PRACH for 30 kHz with 5 interlaces defined over 51 PRBs. Interlaces 2,3,4,5 have 10 PRBs per interlace; Interlace 1 has 11. Four RACH occasions (RO) in the frequency domain are shown where each RACH occasion consists of 12 PRBs (144 sub-carriers).
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