Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk524960236]3GPP TSG-RAN WG1 Meeting #98bis	 R1-1910944
Chongqing, China, October 14th – 20th, 2019

Agenda Item:	7.2.2.1.1
Source:	Ericsson
Title:	Initial access signals and channels
Document for:	Discussion, Decision
[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)
2	DRS Design
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 RAN1 AH 1901, the following agreement was made:
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
and in RAN1#96 the following was agreed:
Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

These agreements state that for the case of initial access in a standalone deployment, the UE may assume the SS/PBCH block subcarrier spacing is 30 kHz. Furthermore, the subcarrier spacing for the Type0-PDCCH CSS (corresponding to CORESET0) that schedules RMSI is restricted to the same SCS, i.e., 30 kHz. With these agreements, we consider what changes are needed to NR Rel-15 in order to achieve efficient multiplexing of SS/PBCH block(s) and RMSI PDCCH/PDSCH in a DRS assuming 30 kHz SCS. In the following discussion, the number of REs available for PDSCH carrying SIB1 (RMSI) considering the various multiplexing rules for SS/PBCH blocks, PDCCH, PDSCH, and DM-RS that exist in the Rel-15 specifications today will be considered.
The PDSCH carrying SIB1 is scheduled by DCI format 1_0 where the CRC is scrambled by SI-RNTI and where the System Information Indicator field in DCI is set to 0. We observe that for such scheduling, only Type 1 resource allocation in the frequency domain is supported, i.e., PDSCH occupies a set of contiguous resource blocks (RBs). Furthermore, the set of contiguous RBs are located within the same bandwidth of CORESET0.
[bookmark: _Toc972470][bookmark: _Toc973387][bookmark: _Toc973521][bookmark: _Toc973856][bookmark: _Toc974197][bookmark: _Toc976223][bookmark: _Toc4604722][bookmark: _Toc4607281][bookmark: _Toc4612010][bookmark: _Toc4616409][bookmark: _Toc7546210][bookmark: _Toc7551048][bookmark: _Toc7551109][bookmark: _Toc7553294][bookmark: _Toc16627367][bookmark: _Toc21322683][bookmark: _Toc21322911]DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type1 PDSCH resource allocation (contiguous RBs) in the frequency domain. 
In what follows, we adhere to this constraint so as to avoid introducing a new DCI format for scheduling SIB1.
[bookmark: _Ref16667305]2.1	New SSB-CORESET0 Offset Values
In RAN#97 the SS/PBCH and Type0-PDCCH placement alternatives were discussed without consensus. It was concluded that no consensus could be reached regarding placement of second SS/PBCH in a slot as well as an additional Type0-PDCCH monitoring location, thus no more scheduled discussions will be conducted on this topic. Hence, the main DRS option now consists of one SS/PBCH block, one CORESET for Type0-PDCCH monitoring and the associated PDSCH for SIB1 per slot. In FR1 deployments, a typical configuration consists of a single, non-beamformed SSB, which is in line with this main DRS option. In order to avoid time gaps in the DRS pattern, it is beneficial to multiplex the SS/PBCH block and the PDSCH carrying SIB1 in the frequency domain. Furthermore, in order to adhere to the contiguous resource allocation for PDSCH signalled by DCI Format 1_0 and at the same time maximize the number of REs available for SIB1, it is beneficial to locate the SS/PBCH block near the edge of the initial BWP. Such a configuration is illustrated in Figure 1. As will be discussed in more detail below, this is in line with an agreement in RAN4 to place the SS/PBCH close to the edge of an LBT sub-band/carrier.
This diagram assumes that the SS/PBCH block is located in the first position of the Case C time domain pattern, i.e., OFDM symbols 2, 3, 4, and 5 assuming indexing starts with zero. While the case of a 2 symbol Type0-PDCCH common search space is shown, the same multiplexing approach may be used for a single symbol search space in which case the PDSCH allocation would start in OFDM symbol 1.
The time domain PDSCH allocation is indicated by the 4-bit field of DCI Format 1_0 that indicates a row of the Table 5.1.2.1.1-2 in [2] (Default Table A). For the case of 2-symbol and 1-symbol search space configuration, Row Index 1 and 12 are applicable, respectively. Both correspond to PDSCH Mapping TypeA.
In line with the agreement listed in the previous section, the diagram shows that the bandwidth of CORESET0 (initial BWP) is 48 PRBs. This leaves roughly 28 contiguous PRBs for SIB1 (CORSET0 BW - SS/PBCH block BW) depending on the SSB-CORESET0 offset (discussed in more detail below).
[image: ]
[bookmark: _Ref881006]Figure 1: DRS with FDM multiplexing PDSCH carrying SIB1 and a single SS/PBCH block with 0 RB offset between CORESET0 and the SS/PBCH block.

As mentioned above, RAN4 has agreed that the sync raster is designed to allow SSB to be placed at the edge of a sub-band/carrier as shown in Figure 1.
From RAN4#92:
Agreement: 
RAN4 agreed to place the SSB close to the edge of sub-bands 
RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band 
In what follows, we analyse what new SSB-CORESET0 offset values need to be specified in RAN1 given the RAN4 agreement on the sync raster. 
In our companion RAN4 papers for RAN4#92bis, channel raster [3] and SSB raster [4] proposals are given. The design fulfils the design goals of 
· SSB raster points and channel raster points are a subset of Rel-15 corresponding raster points. 
· Subcarrier alignment of SSB raster and channel raster points.
· Channel alignment with LTE LAA and WiFi channels to maximize adjacent channel interference protection and minimize LTB blocking probability, for both 20 MHz and 40/80 MHz carriers.
· Guard bands between carriers (inter-carrier guards) are an integer number of subcarriers and satisfy the existing minimum guard band requirements in 38.104, e.g., 805/905/925 kHz for 20/40/80 MHz carriers with 30 kHz SCS.
· Guard bands between subbands (intra-carrier guards) are an integer number of PRBs and fully overlap the inter-carrier guards between 20 MHz channels. This property is important such that systems operating with different carrier bandwidths operating in the same geographic area coexist well considering adjacent channel leakage and adjacent channel blocking.
· Note: RAN4 requires further discussion on the size of the intra-carrier guards required to satisfy the particular in-carrier spectral emission mask to be agreed; currently there are many options being discussed.
[image: ]
[bookmark: _Ref20128920]Figure 2 Channel raster proposal, showing parts of the 5 GHz band. Inter-carrier guards are an integer number of subcarriers and intra-carrier guards (between subbands) are an integer number of PRBs. NR-U channel center frequencies are at most 20 kHz from WiFi center frequencies.
In Rel-15, for a 48 PRB CORESET0, SSB-CORESET offsets of 12, 14, and 16 are supported, see Table 13-4 of [5]. These values need to be modified to take into account the above RAN4 agreements on sync raster position at the edge of a sub-band. As they stand, values of 12,14,16 would only support a sync raster position near the sub-band/carrier center. Here we analyse what new values are needed using the proposed channel raster in Figure 2 as an example.
According to our analysis, for all 20 MHz channels, a sync raster point can be found (chosen from the Rel-15 sync raster grid) such that SSB-CORESET offset=0 and the 48 PRB CORESET0 fits into the 51 PRBs of the channel. The sync raster points are selected from the Rel-15 sync raster grid such that the SS/PBCH block is placed as close as possible to the carrier edge. For wideband channels, the SS/PBCH block should be as close as possible to the subband edge. 
For wideband channels (40/80 MHz), in order to secure the inter-carrier and intra-carrier guard relations (overlap property described above), the subbands will consist of 50 or 49 PRBs (see example in Figure 2). This means that for some cases, the 48 PRB CORESET0 does not always fit into the 50 PRB subband if it is required to support only SSB-CORESET offset = 0 (see Figure 3). However, by shifting the CORESET0 to the left by one PRB, it will fit into the subband (see Figure 4). Supporting also SSB-CORESET offset=1, an SSB raster point can be found for all 40 and 80 MHz channels such that the 48 PRB CORESET0 fits into the corresponding subbands. 

[bookmark: _Ref20134021]Figure 3 Example, for SSB-CORESET offset=0, CORESET0 will fall outside the first subband for these 40 and 80 MHz channels. 
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[bookmark: _Ref20134191]Figure 4 Example, by using SSB-CORESET offset=1, CORESET0 will fit in the 40 and 80 MHz subbands. 
To summarize, Table 13-4 in [5] should include configuration options for 48 RB CORESET, spanning 1 and 2 symbols, with offset values of 0 and 1. In Table 1, an example of how a variant of Table 13-4 for operation in Band n46 could look is given. In Section 2.3, we discuss how some of the reserved values can be used to enable RMSI transmission for ANR purposes. 
The examples shown here assume one sync raster point is defined per carrier also for wideband carriers of 40 and 80 MHz. The design principles are easily applied to create sync raster points for all subbands within each wideband carrier. Defining these sync raster points will require adding also offsets 2 and 3 to the offset table and that a number of new sync raster points need to be added. The new sync raster points are needed for the cases where the sync raster point from the 20 MHz carrier cannot be reused for subbands within the 40 and 80 MHz carriers.
Table 13-4A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz operation in Band n46.
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	48
	1
	0

	1
	1 
	48
	1
	1

	2
	1 
	48
	2
	0

	3
	1 
	48
	2
	1

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


[bookmark: _Ref20493946]Table 1 Proposal on how a variant of Table 13-4 could be constructed. 

[bookmark: _Toc21008629][bookmark: _Toc21289052][bookmark: _Toc21008630][bookmark: _Toc21289053][bookmark: _Toc21008631][bookmark: _Toc21289054][bookmark: _Toc21325790][bookmark: _Ref7728030][bookmark: _Ref959332]Support at least the CORESET0 configurations given in Table 1 for operation in Band n46.   
2.2	SIB1 PDSCH Scheduling
In NR Rel-15, when receiving the PDSCH scheduled with SI-RNTI in PDCCH-Type0 common search space and the system information indicator in DCI is set to 0, 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 SIB1. Specifically, it does not allow the PDSCH to be mapped “around” an SS/PBCH block, hence the white gaps in Figure 1.
If SIB1 PDSCH scheduling around an SS/PBCH block should be supported, one would need to revisit a number of assumptions that a Rel-15 UE is allowed to make. In general, Section 5.1.4 in [2] would need to be modified to allow an SS/PBCH block to be transmitted in REs used by the UE for reception of PDSCH also in the case when the system information indicator in DCI is set to 0. Additionally, the assumption in Section 7.4.1.1.2 in [6] that “the UE may assume that no DM-RS collides with the SS/PBCH block” would need to be revisited.
On top of specification changes required to support full rate matching around SS/PBCH, in addition and probably most importantly, UE behaviour changes will need to be introduced. The first major drawback with rate matching is regarding mechanisms to inform the UE about rate matching. Potential options are DCI indication, static rules about rate matching or rate matching based on detection of SS/PBCH. DCI indication or static rules requires specification impact and UE behaviour impact. Relying on UE detection of SSB would probably not be robust enough and would then lead to SIB1 decoding failure. 
[image: ]
[bookmark: _Ref20167114]Figure 5 DRS example with full rate matching of SIB1 PDSCH around the SS/PBCH block.
The second major drawback is regarding channel estimation. With a DRS design as shown in Figure 5, the first DMRS symbol is punctured by the SS/PBCH block and will thus complicate channel estimation for the PDSCH since the pattern of PRBs occupied by DMRS is not uniform, complicating interpolation/extrapolation.
Some of the specification impacts of allowing rate matching of PDSCH carrying in SIB1 are:
· 38.214, Sec 5.1.4:  “When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.”
· 
[bookmark: _Hlk498008922]38.214, Sec 5.1.2.2.2: “In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part of size  PRBs except for the case when DCI format 1_0 is decoded in any common search space in which case the size of CORESET 0 shall be used if CORESET 0 is configured for the cell and the size of initial DL bandwidth part shall be used if CORESET 0 is not configured for the cell.”
· 38.211, Sec 7.4.1.1.2: “The UE may assume that no DM-RS collides with the SS/PBCH block.”

All of the above are part of basic initial access procedures in the UE and will require changes of UE behaviour if rate matching in the DRS is allowed.
With the SS/PBCH block at the channel edge, and the SS/PBCH block and CORESET0 with 0 or 1 RB offset, enough payload size for typical SIB1 PDSCH is available and will avoid the major changes required to support rate matching of PDSCH carrying SIB1. 
Assuming a PDSCH contiguous bandwidth of 28 PRBs (CORSET0 BW - SS/PBCH block BW) and accounting for the 3 OFDM symbols used for DM-RS, the number of available REs for PDSCH carrying SIB1 is 3024 for the case of a 2-symbol search space. Assuming the most robust MCS is used for SIB1 transmission (MCS0), the SIB1 information bit payload can be 708 bits.
Assuming only one PLMN in the cellAccessRelatedInfo field and no supplementary UL configuration, a typical SIB1 payload size is on the order of 85 – 90 bytes (680 – 720 bits); hence, MCS0 can be used for such a SIB1 payload. In case the payload size is above 708 bits, a slightly less conservative MCS could be used. For example, using MCS1, there is room for a SIB1 payload size of 927 bits, and using MCS3 (approximate code rate of 0.25), there is room for a SIB1 payload size of 1482 bits. 
Cleary, the MCS can be adjusted to allow for larger than typical SIB1 payloads. Another tool already supported in Rel-15 is that SIB1 can be scheduled in the slot after the SS/PBCH block, see Figure 6. In this case, SIB1 can use all resources in that slot, except what is required for PDCCH. According to Rel-15, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots. Using Index 1 (O = 0 and M = 1/2) of Table 13-11 in 38.213 [5], the UE will find the PDCCH in the slot after the SS/PBCH block, when performing monitoring in the second slot. We also note that such a scheduling strategy does not preclude using multiple (e.g., 2) beams for large payload. In that case, since the DRS is longer than 1 ms (at 30 kHz SCS), CAT 4 LBT would be needed, but at least it would go with the highest priority class. 
[image: ]
[bookmark: _Ref20167768]Figure 6 DRS example, with SIB1 scheduling in the slot after the SS/PBCH block. As an example, the first slot contains PDSCH carrying paging.
In light of these arguments, including the RAN4 decision on sync raster, our view is that Rel-15 has the necessary tools to allow scheduling large SIB1 payloads. For typical SIB1 payloads, no change to Rel-15 behavior with respect to rate matching is needed.  Such changes in behaviour could address only corner cases and is not worth the specification effort, especially related to fundamental initial access procedures.
[bookmark: _Toc21325791]As in Rel-15, mapping of SIB1 around an SS/PBCH block in a slot is not supported.
2.3 	SIB1 Transmission to Support ANR
In RAN1#98, how to enable ANR for non-standalone deployments and yet prevent UEs in another operator’s standalone deployment from attempting initial access on the cell was discussed and the following agreement was reached: 
Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed

For the case of SIB1 transmissions on a cell to support ANR, the absolute frequency position of the SS/PBCH block is explicitly signalled (by RRC) to the UE in the measurement object MeasObjectNR information element. In Rel-15, the UE determines the frequency position of CORESET0 (for receiving PDCCH scheduling SIB1) via MIB signalling of the offset parameters kSSB and the SSB-CORSET offset in Table 13-4 of 38.213. Since the CORESET0 bandwidth fills most of the LBT-bandwidth, this leads to quite restricted flexibility in the frequency positions of the off sync raster position of the SS/PBCH block. Both of the above alternatives aim to improve the flexibility, but rely on different mechanisms to do so and have different consequences.
In Alt1, the UE implicitly determines a “reference frequency,” and from the reference frequency, the UE determines the position of CORESET0 using kSSB and the SSB-CORSET offset signalled in MIB as in Rel-15. In this alternative, the intention is that the reference frequency is a sync raster point. It leverages the fact that in RAN4, the number of sync raster points defined for the unlicensed band n46 will be reduced significantly compared to Rel-15. There is a RAN4 agreement in place from the last meeting on defining a single sync-raster point per LBT bandwidth, and that the sync raster point will be close to the edge of the LBT bandwidth. However, precise definitions of the sync raster points have not yet been agreed. Depending on further progress on defining the sync raster points close to the edge of an LBT bandwidth, it may be that there will be a need to define separate sync raster points optimized for 20, 40, and 80 MHz carrier bandwidths. While it is possible that a significant number of the sync raster points can be shared between the different carrier bandwidths, it is not yet clear if there will be precisely one sync raster point within any given 20 MHz bandwidth.
Depending on RAN4 decisions, if it ends up that there is more than one sync raster point in a given 20 MHz bandwidth, how does the UE determine which reference frequency to use in order to determine the position of CORESET0 when the frequency location of the SS/PBCH block is signalled for a CGI measurement report? In our view, since the sync raster definition is not yet settled in RAN4, there is risk in adopting the implicit solution in Alt-1. Moreover, introducing the necessary UE behaviour in the spec to support the implicit determination of the reference frequency does not appear particularly future proof, e.g., if a new/different sync raster is introduced for new unlicensed bands, e.g., 6 GHz.
To resolve the potential ambiguity discussed above and decouple the RAN1 solution from RAN4 progress, we would like to suggest a variation of Alt-1 (referred to as Alt-1a) whereby the reference frequency is explicitly provided by RRC to the UE via the CGI reporting configuration. The extract from 38.331 below illustrates a simple change that can be made to the ReportConfigNR information element to achieve this:
ReportConfigNR ::=                          SEQUENCE {
    reportType                                  CHOICE {
        periodical                                  PeriodicalReportConfig,
        eventTriggered                              EventTriggerConfig,
        ...,
        reportCGI                                   ReportCGI,
        [[
        reportSFTD                                  ReportSFTD-NR
        ]]
    }
}

ReportCGI ::=                     SEQUENCE {
    cellForWhichToReportCGI          PhysCellId,
    ...
	referenceFrequency               ARFCN-ValueNR                      OPTIONAL,
}
Clearly this requires addition of a new RRC parameter, and it could be defined as follows:

	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	referenceFrequency-r16
	ARFCN-ValueNR
	new
	Per UE
	Dedicated
	Contained in ReportConfigNR IE.
If configured, provides a reference frequency/frequency offset for the UE to determine the frequency position of CORESET0.
 
If not configured, the UE determines the frequency position of CORESET0 based on kSSB and the SSB-CORESET0 offset indicated in MIB (as in Rel-15).

[bookmark: _GoBack]FFS: Supported value of the reference frequency/frequency offset, e.g., (1) frequency offset between the SS/PBCH frequency indicated in MeasObjectNR and the lowest subcarrier index of CORESET0, or (2) lowest subcarrier index of CORESET0 directly.
	



With Alt-1a, the change to Rel-15 UE behaviour would be quite simple. If the new RRC parameter is configured, the UE determines the frequency location of CORESET0 using the reference frequency. It can be further discussed on what values of the reference frequency should be allowed. One example could be to signal the frequency location of CORESET0 directly. Another could be to signal a frequency offset that is applied to the signalled frequency location of the SS/PBCH block.
For Alt2, the UE determines the frequency location of CORESET0 as in Rel-15, i.e., based on kSSB and the SSB-CORESET offset signalled in MIB (no change to UE behaviour). The trade-off is that to support off-sync raster transmission of the SS/PBCH block, additional SSB-CORESET offset values will need to be added to Table 13-4 in 38.213. The additional offset values will determine the additional (off sync-raster) frequency locations that can be used for the transmission of the SS/PBCH block. The sync points can for example be selected to be a subset of the Rel-15 sync raster points which are spaced 1.44 MHz apart. Selecting the sync points to be 1.44 MHz away from the sync raster points is judged to be far off enough for UEs with free running oscillator to not find these SS/PBCH blocks by mistake. By adding offset values of 4 and 5 in the new Table 13-4 (see example in Table 1), Alt2 is supported and UE procedure updates are not needed. While this approach does not suffer the ambiguity problems described above, we acknowledge that it does have less flexibility than Alt-1a where the reference frequency is explicitly signalled.
Based on the above discussion, we prefer Alt-1a in order to avoid the ambiguity problems 
[bookmark: _Toc21325792]Adopt the following modification of Alt-1 from the RAN1#98 agreement in order to avoid ambiguity in the  determination of the CORESET0 frequency location:
· [bookmark: _Toc21325793]Alt-1a: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH is implicitly known signalled in the CGI report configuration. Introduce an RRC parameter as shown in the above table.
[bookmark: _Toc533002896]3	PRACH Design
In RAN1#97, the following agreement was made regarding sequence design for enhanced PRACH.
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
1. 15 kHz: Choose one of L_RA=[571, 1151]
1. 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

Clearly, the main open issue to address for enhanced PRACH design is the sequence type and mapping. Essentially, the alternatives are a single long ZC sequence vs. repetition of the legacy ZC sequence, potentially with a mechanism to achieve cubic metric reduction. Another aspect of this agreement is that both an enhanced PRACH design and the legacy Rel-15 design are supported. Hence a second open issue is that a mechanism is needed for configuring the sequence type and mapping both for contention based random access (initial access, prior to dedicated configuration), and PDCCH-ordered RACH, or CFRA, which occurs after dedicated configuration. A third open issue is what PRACH formats are supported for NR-U (legacy PRACH and new PRACH) as listed in the RAN guidance on essential functionality for NR-U [7]. These open issues are treated in the following three sub-sections.
 
3.1	PRACH Sequence Design
In our companion paper [8], we present simulation results for the following alternatives from the RAN1#97 agreement above:
· 15 kHz
· ZC sequence of length L_RA = 571
· 4x repetition of the Rel-15 Z-C sequence of length L_RA = 139
· With and without CM reduction mechanism
· 30 kHz
· ZC sequence of length L_RA = 283
· 2x repetition of the Rel-15 Z-C sequence of length L_RA = 139
· With and without CM reduction mechanism
We choose not to focus on the full bandwidth RACH designs (~20 MHz), since our view is that it is beneficial to preserve at least two frequency domain RACH occasions (ROs) compared to Rel-15 which supports 8/4 frequency domain ROs for 15/30 kHz. Reducing the number of frequency domain ROs all the way down to one is not desirable. In our view, maintaining at least 2 ROs provides a reasonable trade-off between cell-level RACH capacity and total PRACH transmit power under the PSD constraint in unlicensed bands. Furthermore, since RACH is of a very temporary nature, our understanding is that the 2 MHz temporal OCB requirement applies to PRACH transmissions rather than 80% OCB. 2 MHz is achieved even with Rel-15 PRACH, hence wideband PRACH is motivated by increased transmit power under a PSD constraint rather than 80% OCB.
Figure 7 shows the distribution of the cubic metric for the sequence designs in the above list. These plots are replicated from our companion paper [8] which provides the full details of the evaluations we performed. From these results we find that the 4x Z-C repetition scheme (for 15 kHz) and 2x Z-C repetition scheme (for 30 kHz) + a CM reduction mechanism offer superior cubic metric compared to the long Z-C schemes. For the case of 4x repetition, the cubic metric advantage is 1.8 dB.

[image: ]	[image: ] 	(a)	(b)95th Percentile

[bookmark: _Ref21323030]Figure 7: Complementary CDF of CM over all sequences for the different designs for (a) 15 kHz SCS, and (b) 30 kHz SCS
Observing our full set of evaluation results in [8], one can see rather similar performance for single long ZC sequence vs. repeated ZC sequence + CM reduction in terms of mis-detection probability, false alarm probability, and timing estimation error. Furthermore, the respective schemes have quite similar MCL performance. However, one aspect that is masked by the MCL metric definition is the CM advantage shown above, e.g., 1.8 dB for 4x repetition. This can become very important for the case of lower power class UEs, where the CM advantage would translate directly to a 1.8 dB smaller power amplifier, which in turn translates to lower cost and lower power consumption. Such UE power classes should be considered from a forward compatibility point of view, considering new use cases, e.g., industrial scenarios.
One argument that has been used in favor of the long ZC scheme is that the overall network capacity for RACH is greater compared to the repetition scheme. However, it is debatable whether or not this is important, especially in a small cell scenario. More importantly, the RACH capacity per cell is identical for the long ZC and repeated ZC schemes.
Based on these observations, especially the large CM improvement possible from 4x repetition for 15 kHz SCS, we have a preference for repeated ZC sequence design with CM reduction mechanism. In order to minimize implementation and specification complexity, one should then use the repeated ZC sequence design also for 30 kHz SCS. We acknowledge that we have proposed the opposite previously; however, further investigation has revealed that the CM can be significantly reduced for the ZC repetition scheme using very simple phase ramps and common phase shifts, to levels lower than the long ZC schemes (see details in [8]). For this reason, we prefer ZC sequence repetition, and we propose the following design:
[bookmark: _Toc16884167][bookmark: _Toc21325794]For the enhanced PRACH sequence design, support repetition of the Rel-15 Zadoff-Chu sequence of length LRA = 139. For 30 kHz SCS, support 2 repetitions with sequence values mapped to 278 contiguous subcarriers. For 15 kHz SCS, support 4 repetitions with sequence values mapped to 556 contiguous subcarriers. In both cases, support a CM reduction mechanism using a phase ramp + common phase shift per repetition. The following items are FFS:
a. [bookmark: _Toc16884168][bookmark: _Toc21325795]Phase ramp and common phase shift per repetition, e.g., values in Table 5 and Table 6 in [8].
b. [bookmark: _Toc16884169][bookmark: _Toc21325796]Supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.
3.2	Configurability of PRACH Sequence
In the PRACH sequence agreement from RAN1#97 (see previous section) it is stated “For a new enhanced design of NR-U PRACH in addition to the Rel-15 design…” Based on this agreement, as well as conclusions from the study item is that both legacy (Rel-15) and enhanced PRACH designs are to be supported, and which one to select depends on the deployment scenario. In other words, it is an open issue on how the PRACH sequence type/mapping shall be configured.
In Rel-15, the cell-specific random-access parameters are signalled in the IE RACH-ConfigCommon. For example, this IE configures the number of random access preambles, number of frequency domain RACH occasions, the frequency domain (PRB) start position of PRACH, the number of cyclic shifts, SSB-to-RACH occasion mapping, PRACH root sequence index, etc. For the initial BWP of the cell on which the UE performs initial access, the RACH-ConfigCommon IE is provided by system information, i.e., SIB1. For all other serving cells, the network provides RACH-ConfigCommon via dedicated (RRC) signalling.
Hence, to cover both scenarios, it makes sense to configure whether the legacy Rel-15 PRACH sequence mapping should be used by the UE or if the new Rel-16 PRACH sequence mapping should be used in RACH-ConfigCommon IE. Based on this we propose the following:
[bookmark: _Toc16884170][bookmark: _Toc21325797]Support a higher layer parameter (see below table) in the cell-specific RACH configuration (within RACH-ConfigCommon IE) which indicates to the UE which PRACH sequence mapping shall be used by the UE. The configuration choices are (1) legacy Rel-15 sequence mapping, or (2) enhanced Rel-16 mapping. As in Rel-15, the cell-specific RACH configuration is provided to the UE via SIB1 for the initial UL BWP and is provided to the UE through dedicated signalling for serving cell addition (PSCell or SCell).
	Parameter Name
	(New) values
	New R16 vs extension of R15
	Per (UE, cell, TRP, …)
	Broadcast/dedicated
	Description
	Configuration restriction (if any)

	PRACHSequenceMapping-r16
	FFS: supported values depending on Rel-16 PRACH sequence mapping agreements
	new
	Per Cell  and Per UE
	Broadcast  and Dedicated
	Contained in RACH-ConfigCommon IE.
If configured, indicates that Rel-16 PRACH sequence mapping shall be used.
If not configured, Rel-15 PRACH sequence mapping shall be used
	



3.3	Supported PRACH Formats
In NR-U, PRACH transmission should be supported for both stand-alone and dual connectivity scenarios. In NR, both long (L = 839) and short (L = 139) preamble sequences are supported. These are illustrated in Figure 8. All formats consist of a Zadoff-Chu sequence s that is repeated one or multiple times without cyclic prefix in between repetitions (only a cyclic prefix c at the very beginning of the preamble). Note that the Bx formats have small guard periods at the end, and Cx formats have larger guards. For the short formats, multiple preambles can generally be time-multiplexed in a single slot according to the PRACH configuration tables in 38.211.
[image: ]
[bookmark: _Ref21323078]Figure 8: PRACH formats specified in Rel-15. Note that formats Bx and Cx have guard periods at the end of the preamble transmission.
The long formats (L = 839) mainly target large cell deployments. Since NR-U is expected to be deployed in relatively small cells, the long formats are not of particular interest for NR-U operations. Despite the fact that NR Rel-15 supports multiple formats, and not all are relevant for NR-U operations, it does not mean that certain formats should be excluded from the specifications. Generally speaking, as long as Rel-15 offers configuration options that are beneficial for NR-U operation, then it is a matter of configuration to select the appropriate format from the ones already available in the specification. In this sense, we see no need to explicitly exclude certain formats.
[bookmark: _Toc16884171][bookmark: _Toc21325798]Existing Rel-15 PRACH configuration tables which include all PRACH formats may be reused for NR-U operations.
[bookmark: _Toc533002899]4	Conclusion
Based on the discussion in this paper we observed the following:
Observation 1	DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type1 PDSCH resource allocation (contiguous RBs) in the frequency domain.

Based on the discussion in this paper we make the following proposals for DRS and PRACH design:
Proposal 1	Support at least the CORESET0 configurations given in Table 1 for operation in Band n46.
Proposal 2	As in Rel-15, mapping of SIB1 around an SS/PBCH block in a slot is not supported.
Proposal 3	Adopt the following modification of Alt-1 from the RAN1#98 agreement in order to avoid ambiguity in the  determination of the CORESET0 frequency location:
	Alt-1a: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH is implicitly known signalled in the CGI report configuration. Introduce an RRC parameter as shown in the above table.
Proposal 4	For the enhanced PRACH sequence design, support repetition of the Rel-15 Zadoff-Chu sequence of length LRA = 139. For 30 kHz SCS, support 2 repetitions with sequence values mapped to 278 contiguous subcarriers. For 15 kHz SCS, support 4 repetitions with sequence values mapped to 556 contiguous subcarriers. In both cases, support a CM reduction mechanism using a phase ramp + common phase shift per repetition. The following items are FFS:
a.	Phase ramp and common phase shift per repetition, e.g., values in Table 5 and Table 6 in [8].
b.	Supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.
Proposal 5	Support a higher layer parameter (see below table) in the cell-specific RACH configuration (within RACH-ConfigCommon IE) which indicates to the UE which PRACH sequence mapping shall be used by the UE. The configuration choices are (1) legacy Rel-15 sequence mapping, or (2) enhanced Rel-16 mapping. As in Rel-15, the cell-specific RACH configuration is provided to the UE via SIB1 for the initial UL BWP and is provided to the UE through dedicated signalling for serving cell addition (PSCell or SCell).
Proposal 6	Existing Rel-15 PRACH configuration tables which include all PRACH formats may be reused for NR-U operations.
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