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1 Introduction
In RAN1 #96 [1], the following agreements and conclusions regarding the initial access signal and channels for NR-U were made: 
Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

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.









This contribution discusses the remaining details of initial access signals and channels for NR-U:
· SS/PBCH Block Pattern in Time Domain
· SS/PBCH Block Enhancement in Frequency Domain
· NR-U DRS Design
· Waveform, Numerology, and Formats of PRACH
· Time and Frequency Enhancements for RACH Resources
· Modification to PRACH Occasions for LBT
2 SS/PBCH Block Pattern in Time Domain 
In the last meeting [1], it was agreed that the SS/PBCH block pattern in time domain is to be down-selected from the following two options, wherein pattern applies no matter if the SCS of SS/PBCH block is indicated by higher layer or not, and no matter if the associated RMSI is transmitted or not:
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot, as in Rel-15 Case A for 15 kHz and Case C for 30 kHz.
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot, as illustrated in Figure 1.


[bookmark: _Ref350765]Figure 1 Illustration of SS/PBCH block pattern for FR1.
An illustration of the Rel-15 SS/PBCH block pattern for FR1 is shown in Figure 1, wherein Case C is supposed to be applied to the non-refarming bands, such as 5 GHz band and 6 GHz band in NR-U. However, the design of Rel-15 SS/PBCH block pattern was restricted by supporting the mixed numerology of 15 kHz and 30 kHz SCS for FR1, such that the first 2 symbols and last 2 symbols with respect to 30 kHz SCS have to be left empty for potential utilization of DL and UL control with respect to 15 kHz SCS. For NR-U, this restriction does not hold (e.g. from the agreement of last meeting), since same numerology is supported for NR-U DL, and hence, a new SS/PBCH block pattern in time domain (i.e., Option 2), with a minor change to Option 1, is figured out to be more beneficial for NR-U operation (as illustrated in Figure 1). At least the following benefits are observed by utilizing Option 2: 
· Better coding rate of RMSI when both SS/PBCH blocks in a slot are transmitted. In Option 1, if CORESET#0 is configured as 2 symbols and both SS/PBCH blocks in a slot are transmitted, at most 4 symbols (i.e., the same symbols corresponding to the SS/PBCH block) can be utilized for RMSI PDSCH transmission, which corresponds to (48-20)*4=112 PRBs. In contrast, in Option 2, if CORESET#0 is configured as 2 symbols and both SS/PBCH blocks in a slot are transmitted, at most 5 symbols (i.e., the same symbols corresponding to the SS/PBCH block plus one extra whole symbol by assuming rate matching around SS/PBCH blocks supported) can be utilized for RMSI PDSCH transmission associated to the first SS/PBCH block in the slot, which corresponds to (48-20)*4+48=160 PRBs. If there is no CSI-RS configured in the symbol #6, in the ideal scenario, using Option 2 gives 43% gain on the coding rate. 
· Simpler implementation. In NR Rel-15, Type0-PDCCH monitoring occasion starts from either the beginning of slot (e.g. slot-based implementation) or symbol #7 (e.g. half-slot-based implementation). If NR-U utilizes Option 1 and supports monitoring occasion between two SS/PBCH blocks within a slot, Type0-PDCCH monitoring occasion starts from symbol #6 in order to support 2 symbols for CORESET#0. The Type0-PDCCH monitoring occasion starting from symbol #6 ruins the half-slot based implementation, and is not preferable from the implementation perspective, especially for initial access, since by implementation the initial access procedure shall be as simple as possible to facilitate potential optimization, and same NR Rel-15 behaviour is highly preferable.  
· Future compatibility. The new case has better potential for other purpose due to its half-slot based structure and flexibility. For example, if directional LBT is considered as an enhancement scheme for channel access, it is automatically compatible with the new case without any specification changes.     
Based on above discussion, Option 2 for the SS/PBCH block pattern in time domain is much proper for NR-U operation within better network flexibility and forward compatibility, hence, shall be supported for at least 5 GHz band and 6 GHz band in NR-U. 
Proposal 1: NR-U shall support Option 2 for the SS/PBCH block pattern in time domain:
· The first SS/PBCH block within a slot is mapped to start from symbol #2;
· The second SS/PBCH block within a slot is mapped to start from symbol #9.
3 SS/PBCH Block Enhancement in Frequency Domain 
In the last meeting [1], it was discussed whether any SS/PBCH block enhancement is required for meeting the OCB requirement when RMSI is not transmitted within the same slot as SS/PBCH block, e.g. SS/PBCH block repetition within a nominal carrier bandwidth of 20 MHz.
From our proposal for NR-U DRS design (e.g. Proposal 4 in this contribution), UE is not expecting to receive PDCCH nor PDSCH of RMSI outside DRS, then the discussion of frequency domain enhancement for SS/PBCH block only applies to non-cell-defining SS/PBCH block on a cell wherein the SCS of SS/PBCH block is indicated by higher layers. For this scenario, enhancement to SS/PBCH block in frequency domain is purely for OCB requirement and measurement purpose. 
Observation 1: The discussion of enhancement to SS/PBCH block in frequency domain should only apply to the scenario of non-cell-defining SS/PBCH block on a cell wherein the SCS of SS/PBCH block is indicated by higher layers.
For this particular scenario, if there is an SS/PBCH block repeated in the frequency domain, wherein the cell ID carried by the repeated SS/PBCH block on one frequency layer is the same as the one on another frequency layer within the same carrier, a UE may get confused when performing measurement and handover, and may also get confused in the initial cell selection procedure if the frequency layer happens to be another SS raster (e.g. depending on RAN4 design of SS raster). 
In NR Rel-15, there was a clear design principle (e.g. the corresponding agreement from RAN1 NR Ad-Hoc 1709 was as follow) that from a UE perspective, a cell is associated with a single SS/PBCH block, and this basic principle for SS/PBCH block in frequency domain should be maintained for NR-U to avoid potential confusion in UE’s implementation. At the same time, it was already supported that multiple SS/PBCH blocks can be transmitted within the bandwidth of a wideband carrier in NR Rel-15 (e.g. same agreement from RAN1 NR Ad-Hoc 1709), then it could be totally up to gNB’s implementation to transmit another SS/PBCH block, e.g. a non-cell-defining SS/PBCH block, in the same carrier to meet the OCB requirement, and no further enhancement to SS/PBCH block in frequency domain nor specification work is needed for this aspect.    Agreement (RAN1 NR AH1709):
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier
· Note: This is a clarification of the previous agreement






Proposal 2: There is no need for enhancement to SS/PBCH block in frequency domain (e.g. frequency domain repetition) for NR-U.
· OCB requirement can be met by gNB’s implementation.
4 NR-U DRS Design
In the last RAN1 meeting, discussion on the details of Type0-PDCCH CSS set and multiplexing pattern was performed, but no consensus was drawn yet. The most fundamental issue discovered was whether and/or how to distinguish Type0-PDCCH monitoring occasions within and outside a NR-U DRS window. One potential answer to this question is striving to use same configuration of Type0-PDCCH monitoring occasions within and outside a NR-U DRS window, however, the flexibility may be very restricted for those RMSI outside a NR-U DRS window. Another potential answer to this question is utilizing different configurations of Type0-PDCCH monitoring occasions within and outside a NR-U DRS window, then whether and/or how to indicate the two configurations is the next discussion point. Yet another simpler solution would be a UE does not expect any Type0-PDCCH monitoring occasions outside a NR-U DRS window, and the periodicities of Type0-PDCCH monitoring occasions and NR-U DRS are aligned. Comparing to the solutions, the simplest and most effective solution would be the last one, which also has smallest specification impact (e.g. the design would be similar to multiplexing Pattern 2 and 3). 
Proposal 3: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block;
· a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of the associated SS/PBCH block;
· the slot index for monitoring PDCCH in the Type0-PDCCH CSS set is the same as the one containing the associated SS/PBCH block;
· the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 0 if the index of the associated SS/PBCH block is even, and the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 7 if the index of the associated SS/PBCH block is odd;
· PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.
5 Waveform, Numerology, and Formats of PRACH
It has been identified in TR38.889 [2] that four potential enhancement alternatives of legacy Rel-15 PRACH formats is feasible for NR-U PRACH frequency domain resource allocation, which include:
· Alt1: uniform PRB-level interlace mapping;
· Alt2: non-uniform PRB-level interlace mapping;
· Alt3: uniform RE-level interlace mapping;
· Alt4: non-interlaced mapping.
The NR-U PRACH waveform design needs to meet the unlicensed regulations. Specifically, NR-U can use the interlaced PRACH waveform (e.g., Alt1, Alt2, or Alt3) for the occupied channel bandwidth (OCB) to be more than 80% of nominal bandwidth. For example, with a uniform PRB level-interlace mapping for PRACH with 30 kHz PRACH SCS, up to 4 PRACH interlaces with each PRACH interlace occupying 12 PRBs can be supported within the initial active UL BWP of 20 MHz.
PRACH transmissions on an unlicensed cell also need to achieve a good time estimation accuracy similar to PRACH transmissions on a licensed cell. However, this is hard to achieve through interlaced mapping, as the channel cannot be guaranteed to be relatively constant between any two non-consecutive RBs of the PRACH interlace. For example, with a root mean square delay spread of τ = 100ns, the 50% coherence bandwidth and 90% coherence bandwidth are 2 MHz and 200 kHz respectively. Therefore, when non-consecutive RBs for a PRACH transmission interlace have a large separation in the frequency domain, such as more than 1 MHz as in the case of uniform PRB-level interlacing, it is inefficient for gNB to perform frequency interpolation of the received PRACH signal across RBs and the time estimation accuracy will suffer. 
The time estimation accuracy can be improved under the non-uniform PRB-level interlacing for PRACH with carefully designed irregular mapping (e.g., non-equal spacing of PRBs) to reduce the average frequency domain separation of PRACH RBs compared to uniform interlace. However, such a non-uniform PRB-level PRACH interlace with irregular mapping will reduce the multiplexing capability with interlace-based PUSCH/PUCCH, which is one of the main reasons to introduce interlaced mapping for PRACH in the first place. In addition, since the number of PRBs within a given UE channel bandwidth does not linearly scale with the subcarrier spacing and the channel bandwidth, the irregular mapping of PRACH interlace would need to be re-defined for different PRACH subcarrier spacing and/or BWPs of different bandwidth, which will lead to significant design changes for PRACH configuration.
In contrast to the interlaced mapping for PRACH, the non-interlaced PRACH mapping with continuous waveform defined in Rel-15 NR can achieve better timing accuracy with much simplified PRACH configuration design, while meeting the OCB regulation. Specifically, the OCB regulation for 5 GHz unlicensed band also allows that during a channel occupancy time (COT), the equipment may operate temporarily with an OCB of less than 80 % of its nominal channel bandwidth with a minimum of 2 MHz. Since PRACH with short preamble formats occupies 12 PRBs with more than 2 MHz bandwidth, NR-U PRACH waveform with the legacy continuous waveform of NR Rel-15 PRACH can meet the regulation by exploiting this temporal allowance for OCB to be less than 80% of nominal BW (i.e., initial active UL BWP). 
In addition to the OCB regulation, NR-U PRACH with continuous waveform of NR Rel-15 PRACH is also subject to the maximum PSD limit in the range of 10 dBm/MHz, which may limit the coverage. For example, the maximum transmit power is approximately 16.3 dBm for NR-U PRACH with 12 consecutive PRBs at 30 kHz SCS, which is 6.7 dB lower than the 23 dBm maximum allowed transmit power for 20 MHz channel. Such coverage loss with continuous waveform can be compensated through repetition of the PRACH sequence in time-domain and/or frequency-domain. For example, 4 repetitions of PRACH in time-domain can provide an additional 6 dB coverage gain, and the time estimation accuracy can also be improved since unlicensed UE is typically limited in mobility and thus channel coherence in time domain is typically larger than channel coherence in frequency domain. Since CAT-4 LBT is required in granting the transmission of NR-U PRACH, and that the maximum channel occupancy time (MCOT) is at least 2ms for CAT-4 LBT, it is feasible to support time-domain repetition of PRACH transmissions subject to only one successful PRACH LBT, which is also efficient in terms of COT utilization.
NR-U PRACH continuous waveform of NR Rel-15 PRACH with repetition in time and/or frequency domain require minimal changes from existing Rel-15 PRACH configuration procedure. For example, the time-domain and/or frequency-domain repetition for NR-U PRACH with continuous waveform can be achieved through the group-wise SSB-to-RO mapping and/or multiple msg1 transmissions as discussed in our companion contributions [5][6][7]. As a result, NR-U shall support continuous-based waveform of NR Rel-15 PRACH with potential repetition in time-domain and/or frequency-domain, i.e., Alt4.
Proposal 4: NR-U shall support continuous-based waveform of NR Rel-15 PRACH with potential repetition in time-domain and/or frequency-domain.
Since NR-U mainly targets the small cell scenarios with a shorter coverage range, and that 30 kHz PRACH SCS provides better compensation for the PSD constraint and OCB requirement than 15 kHz PRACH SCS, it is therefore preferred to use 30 kHz SCS over 15 kHz SCS for NR-U PRACH. In addition, despite supporting 60 kHz SCS for PRACH in FR1 NR-U may lead to faster PRACH transmission and further compensation for PSD limit over 30 kHz SCS, many enhancements are needed from NR Rel-15. For examples, such enhancements can include: (1) support the configuration of 60 kHz SCS through RRC layer besides the legacy 15 kHz SCS and 30 kHz SCS; (2) reinterpret each entry of the PRACH configuration table when PRACH SCS is 60 kHz; or add additional entries to the PRACH configuration table, such that the PRACH time-domain resource with 60 kHz SCS for FR1 NR-U can be determined. Given the many required changes to support 60 kHz SCS for PRACH, and the fact that LBT design for PRACH [4] [5] is more important in achieving a faster NR-U PRACH transmission than the duration of PRACH itself, it is therefore preferred to support 30 kHz SCS for NR-U PRACH, and 60 kHz SCS can be deprioritized in this WI. Furthermore, the choice of 30 kHz SCS for NR-U PRACH can also enable a unified 30 kHz SCS for all downlink/uplink channels/signals for the standalone operation of NR-U in FR1.
Proposal 5: NR-U shall support 30 kHz SCS only for PRACH.
[bookmark: _GoBack]In NR Rel-15, both long preamble formats with sequence length of L = 839 (i.e., format 0/1/2 with 1.25 KHz SCS and format 3 with 5 KHz SCS), and short preamble formats with sequence length of L = 139 (i.e., format A1/A2/A3/B1/B2/B3/B4/C0/C2 with SCS of 15 kHz or 30 kHz in FR1, and 60 kHz or 120 kHz in FR2) are supported. For NR-U, only short preamble formats are required to be supported, while the long preamble formats may not be essential to be supported. This is because NR-U mainly targets the small cell scenarios with a shorter coverage range, and short preamble formats such as A3/B4 can already support a maximum cell radius of at least 1.5 km with 30 kHz PRACH SCS. In addition, since continuous-based PRACH waveform of Rel-15 NR with potential repetition in time-domain and/or frequency-domain is preferred, NR-U can focus on supporting the Rel-15 NR short PRACH preamble formats only.
Proposal 6: NR-U shall support short PRACH preamble formats defined in Rel-15 NR only.
With 30 kHz SCS and 12 continuous PRBs for a PRACH transmission, each FDM’ed RO could occupy more than 2MHz. Therefore, from UL resource efficiency point of view, it is sufficient to support PRACH to be FDM’ed only with other PRACH, and multiplexing PRACH and PUSCH/PUCCH in a TDM manner, at least within the initial active UL BWP. Since PRACH and PUSCH/PUCCH are separated in time domain, the resource allocation is much easier when different waveforms (continuous and interlaced) or different PRB-based interlace structures are applied for PRACH and PUSCH/PUCCH. Besides, the potential LBT blocking due to TA difference between FDM’d PUSCH/PUCCH and PRACH could be avoided.
Proposal 7: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
6 Modification to PRACH Occasions for LBT 
In Rel-15 NR, PRACH can be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex, based on which the RACH occasions can be derived from the PRACH configuration table. In particular, the RO(s) within a RACH slot are allocated consecutively in Rel-15 NR. Given that LBT is required before PRACH transmission, extra time-domain resource overhead may potentially be incurred for LBT. As a result, NR-U needs to incorporate the time-domain overhead for performing LBT on the available time-domain RACH occasions within RACH slot(s). 
One option is for the ROs to be consecutively allocated as in Rel-15 NR, and LBT is performed before each RO to grant the transmission of PRACH. Despite the PRACH configuration table from Rel-15 NR can be reused to support this option, LBT for UEs assigned to a RO can be blocked by PRACH from earlier RO(s) due to the TA difference, which may severely impact the PRACH performance for NR-U.

A second option is to allow the neighboring ROs within the same RACH slot to be non-consecutive, with a gap duration introduced between two neighboring ROs, wherein the gap can be utilized for incorporating the LBT resource overhead in transmitting PRACH in the RO that comes after this gap. With CAT-4 LBT for PRACH, the LBT duration is non-deterministic, and the gap duration can be chosen such that it is not less than the PRACH LBT duration assuming each step of the CAT-4 LBT procedure is successful. For example, for CAT-4 PRACH LBT with lowest priority class value (i.e., highest priority), the LBT duration is at least 97µs when the backoff counter equals the maximum contention window size of 7, and thus a gap duration of 2 OFDM symbols can be introduced between neighboring ROs for NR-U PRACH with 15 kHz SCS. An illustration of introducing a gap duration of 2 OFDM symbols between two neighboring ROs is provided in Figure 2.

                                                                                                                                                                         
Figure 2. An example of gap between neighboring ROs for PRACH LBT overhead.
The second option can avoid the LBT blocking issue between neighboring ROs, which happens with consecutively allocated ROs. However, enhancements are needed to configure ROs and the gap duration for this option. Thus, the introduction of such gap could be done either by indicating the even or odd indexed RO in the RACH slot to be used for NRU PRACH (and the leftover ROs in between are used for the gap) or enhancing the Rel-15 PRACH configuration table and/or adding new higher layer parameters. 
Specifically, in one approach, the gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th, 6-th) within the RACH slot for PRACH transmissions, while the RACH occasions with odd indexes 2n-1 (e.g., the 1-st, 3-rd, 5-th) can be used for the LBT operation of UEs that will utilize RO with index 2n. This option can directly use the existing PRACH configuration table from Rel-15 and thus requires less changes. 
In another approach to configure the ROs, the gap duration between neighboring ROs can be configured through enhancing the Rel-15 PRACH configuration table and/or adding new higher layer parameters. For example, the PRACH configuration table from Rel-15 can be enhanced by adding a new column on the number of LBT symbols for the gap duration, and the other columns such as the number of time-domain PRACH occasions within a PRACH slot can be modified accordingly to incorporate such LBT overhead. 
Proposal 8: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead.
7 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: NR-U shall support Option 2 for the SS/PBCH block pattern in time domain:
· The first SS/PBCH block within a slot is mapped to start from symbol #2;
· The second SS/PBCH block within a slot is mapped to start from symbol #9.
Observation 1: The discussion of enhancement to SS/PBCH block in frequency domain should only apply to the scenario of non-cell-defining SS/PBCH block on a cell wherein the SCS of SS/PBCH block is indicated by higher layers.
Proposal 2: There is no need for enhancement to SS/PBCH block in frequency domain (e.g. frequency domain repetition) for NR-U.
· OCB requirement can be met by gNB’s implementation.
Proposal 3: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block;
· a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of the associated SS/PBCH block;
· the slot index for monitoring PDCCH in the Type0-PDCCH CSS set is the same as the one containing the associated SS/PBCH block;
· the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 0 if the index of the associated SS/PBCH block is even, and the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 7 if the index of the associated SS/PBCH block is odd;
· PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.
Proposal 4: NR-U shall support continuous-based waveform of NR Rel-15 PRACH with potential repetition in time-domain and/or frequency-domain.
Proposal 5: NR-U shall support 30 kHz SCS only for PRACH.
Proposal 6: NR-U shall support short PRACH preamble formats defined in Rel-15 NR only.
Proposal 7: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
Proposal 8: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead.
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