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1 Introduction
This contribution is a revision to R1-1906917.
In RAN1 #97 [1], the following agreements and conclusion regarding the initial access signal and channels for NR-U were made: 
Agreement:
For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97

Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 

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
· 15 kHz: Choose one of L_RA=[571, 1151]
· 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.



















This contribution discusses the remaining details of initial access signals and channels for NR-U:
· NR-U DRS Design
· Waveform, Numerology, and Formats of PRACH
· Modification to PRACH Occasions for LBT
2 NR-U DRS Design 
2.1 SS/PBCH Block Pattern and Type0-PDCCH CSS Configuration 
In the last meeting [1], it was concluded that there is no consensus between Alt 1 and Alt 2: 
· Alt 1: Legacy SSB positions in a slot (Option 1 in Figure 1)
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt 2: New SSB positions in a slot (Option 2 in Figure 1)
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot



[bookmark: _Ref350765]Figure 1 Illustration of two SS/PBCH block patterns.
Both the alternatives are following the spirits of minimizing potential implementation change and/or specification impact to support NR-U, and a high-level summary of the comparison of alternatives is in Table 1. 

Table 1 Summary of comparison of alternatives.
	
	Al 1
	Alt 2

	SS/PBCH block pattern
	Legacy
	New

	Location of Type0-PDCCH CSS configuration
	New
	Legacy

	Flexibility of Type0-PDCCH CSS configuration
	Full
	Full



Detailed analysis of the alternatives is performed with respects to all discussed aspects.

Coding rate of SIB1

This aspect is purely related to the SS/PBCH block pattern in time domain, i.e., Option 1 v.s. Option 2. 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. 

Observation 1: SS/PBCH block pattern Option 2 has better coding rate than Option 1. 

Half-slot based operation

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 supports Alt 1, i.e., utilizing SS/PBCH block pattern 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.

Observation 2: Alt 1 cannot support half-slot based operation and introduces different UE behaviour from NR Rel-15 in initial access procedure.  

The need to change type B PDSCH design

This aspect actually can be independent of any alternative, and we observe that there is no need to change type B PDSCH design for RMSI, regardless of which alternative is supported. 

Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported. 

The ability to handle short PUCCH in DRS burst

SS/PBCH blocks in DRS burst could be transmitted at new location in time domain to address the potential loss due to LBT. If short PUCCH is transmitted together with SS/PBCH block, it is not proper to change the transmission location of PUCCH together with the SS/PBCH block in the same slot, since the changed timing is not known to the UE due to LBT. Then, the merit of transmitting PUCCH with DRS is not significant. 

Moreover, the intention of short PUCCH transmission in adjacent to DL transmission is for HARQ ACK/NACK transmission, however, signals/channels in DRS may not have associated HARQ ACK/NACK transmission. Hence, there is no strong motivation to support short PUCCH in DRS burst. 

Observation 4: There is no need to support short PUCCH in DRS burst. 

The impact to RO

One discussion point from last meeting is on the impact to RO for supporting SS/PBCH block pattern Option 2. However, as agreed in previous meetings, Cat4 LBT will be supported for msg 1 transmission, and configuration of RO will anyway be modified to accommodate this agreement. Hence, there is no issue of supporting Option 2 regarding the configuration of RO. 

Observation 5: There is no issue for RO for all the alternatives. 

Future compatibility

The new SS/PBCH block pattern (i.e., Option 2) 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. For another example, if current SS/PBCH block design is figured out to be with coverage issues in future releases, Option 2 has better flexibility to perform enhancement in order to address the issues.   
  
Observation 6: SS/PBCH block pattern Option 2 has better flexibility in future compatibility. 

Based on above discussion, it would be a pity that neither of Alt 1 and Alt 2 is supported, and from our discussion, Alt 2 is much proper for NR-U operation with better flexibility and forward compatibility, hence, it shall be supported for at least 5 GHz band and 6 GHz band in NR-U. 

Proposal 1: For NR-U DRS, Alt 2 shall be supported.
2.2 More Details on Type0-PDCCH Monitoring Occasion 
In the past RAN1 meetings, 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 UE behavior on monitoring Type0-PDCCH CSS would be similar to the one in multiplexing Pattern 2 and 3). 

Proposal 2: 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 configuration of Type0-PDCCH CSS depends on the adopted SS/PBCH block pattern in time domain. Based on our proposal of SS/PBCH block pattern in Proposal 1, we have the following proposal on the configuration of Type0-PDCCH CSS: 

Proposal 3: NR-U DRS shall support the following configurations of Type0-PDCCH CSS:

	Configuration index
	Number of symbols for CORESET#0
	Number of Type0-PDCCH CSS within a slot
	Starting symbol for Type0-PDCCH CSS

	1
	1
	1
	0

	2
	1
	2
	0 if SS/PBCH block index is even, and 1 if SS/PBCH block index is odd

	3
	1
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd

	4
	2
	1
	0

	5
	2
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd


2.3 Rate Matching for PDSCH of RMSI 
In NR-U DRS, SS/PBCH block and its associated PDCCH and PDSCH of RMSI are QCLed. Hence, the DMRS of PDCCH and/or SSS and/or DMRS of PBCH can all be utilized as DMRS for PDSCH, up to UE’s implementation. Then, there is no technical issue for supporting PDSCH of RMSI to rate match around SS/PBCH block(s) within the same slot in DRS, and supporting rate matching can significantly improve the coverage of SIB1, especially for the scenario that only one SS/PBCH block within a slot is actually transmitted. 

Note that the following proposal is only supported for NR-U DRS: 

Proposal 4: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

Since the indication of actually transmitted SS/PBCH blocks is in the content of RMSI, a UE may not be able to be aware of whether an SS/PBCH block is transmitted when decoding PDSCH of RMSI. Hence, there is a need for the indication of actually transmitted SS/PBCH blocks in the same slot of receiving PDSCH of RMSI, and the indication can be in the DCI format.

Proposal 5: The DCI format for RMSI (e.g. DCI format 1_0 with CRC scrambled by SI-RNTI) indicates the actually transmitted SS/PBCH blocks within the slot.
2.4 CSI-RS in NR-U DRS
It was agreed in the SI that CSI-RS can be configured as part of NR-U DRS, in order to share the COT with NR-U DRS. In the past several meetings, whether a CSI-RS could be FDMed and/or TDMed with SS/PBCH block was discussed, but no consensus has been reached yet. Although there is still a debating point that whether FDMed CSI-RS is needed, especially when this issue is combined with the SS/PBCH block location in the frequency domain, the necessity of TDMed CSI-RS with SS/PBCH block should be clear and hence supported for NR-U. 

Proposal 6: CSI-RS can be configured in the symbols not overlapping SS/PBCH block in NR-U DRS.
2.6 OSI and Paging in NR-U DRS
It was agreed in the SI that OSI and paging can be configured as part of NR-U DRS, if possible, in order to share the COT with NR-U DRS, however, there is no further discussion in the WI on the details that how to achieve this purpose. In general, the transmission of OSI and/or paging could be able to form a compact burst together with the transmission of SS/PBCH blocks and PDCCH/PDSCH of RMSI, such that they can share one LBT and use a common COT. From our understanding, at least one of the following patterns as in Figure 2 could achieve this purpose, and shall be supported for NR-U. 


[bookmark: _Ref16501276]Figure 2 Illustration of OSI/paging in NR-U DRS.

Meanwhile, in current NR Rel-15, the monitoring locations for Type0A/2-PDCCH CSS can be configured in the content of RMSI, but they are fixed regardless of the changing of transmission locations for SS/PBCH blocks as supported for NR-U. Hence, the transmission of PDCCH and PDSCH of OSI/paging shall be wrapped-around together with the transmission of QCLed SS/PBCH blocks. 

Proposal 7: At least one of the following set of configurations on Type0A/2-PDCCH CSS should be supported for NR-U DRS, and PDCCH/PDSCH of OSI/paging are wrapped-around together with the transmission of the QCLed SS/PBCH blocks:
· Option 1: A burst of OSI/Paging is transmitted right after the burst of SS/PBCH blocks;
· Option 2: OSI/Paging shared the same burst with SS/PBCH blocks by muting some SS/PBCH block transmissions.
2.7 Synchronization Raster
In the last meeting, the frequency location of SS/PBCH blocks, i.e., synchronization raster, was discussed. This topic should be a joint RAN1-RAN4 issue taking into account many other related factors, e.g. channelization, rate matching, and NR-U DRS design. From our understanding, since wideband carriers with carrier bandwidth larger than 20 MHz shall be supported for NR-U, the channelization of NR-U carrier should be essentially different from LTE LAA to ensure simple implementation of wideband carriers. Meanwhile, due to the unnecessary flexibility on the channelization on the unlicensed bands, comparing to licensed bands, the number of channel raster entries could be much more limited comparing to NR Rel-15. The reduction of channel raster entries could also lead to a simpler design of synchronization raster, e.g. targeting for a sparser synchronization raster, to save the complexity for initial cell search. From the analysis in an accompany contribution [4], it is possible to allocate a single synchronization raster entry per a nominal carrier with 20 MHz carrier bandwidth, regardless the synchronization raster entry is close to the center or edge of the carrier. Meanwhile, thanks to the simple design of synchronization raster, the frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block can be fixed, wherein the location of CORESET#0 within a carrier could still be floating, as supported in NR Rel-15. To summarize, we have the following proposal, and more detailed analysis could be found in [4].  

Proposal 8: Single synchronization raster entry for each 20 MHz nominal channel, and fixed frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block, wherein the offset is to be down-selected in RAN4:
· Option 1: Fixed frequency offset is 0 RB (edge aligned);
· Option 2: Fixed frequency offset is 14 RBs (center aligned).
3 Waveform, Numerology, and Formats of PRACH
3.1 Wideband PRACH design
It has been identified in RAN1 #97 that the following two alternatives to the wideband PRACH frequency resource mapping design can be considered:
· Alt1: ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Alt2: Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
Performance comparison between Alt1 and Alt2
Both Alt1 and Alt2 can meet the occupied channel bandwidth (OCB) regulation, and the performances of Alt1 and Alt2 are comparable in terms of most metrics. Specifically, at 30 kHz PRACH SCS, the maximum allowed transmit power for both 4 repeated NR-U PRACH with 12 consecutive PRBs as well as a single PRACH sequence of length 571 is 22.3 dBm, which is close to the 23 dBm maximum allowed transmit power per nominal bandwidth allowed by regulation. As a result of the similar maximum transmit power and frequency-continuous mapping, both Alt1 and Alt2 can achieve similar performance in terms of coverage, miss-detection probability and timing estimation accuracy.
In terms of the PAPR performance, despite direct repetition of same PRACH sequence corresponds to a higher PAPR value than a single long PRACH sequence, the higher PAPR performance for Alt2 can be compensated through: (1) allowing the PRACH sequences to have difference phase rotations/cyclic shift across different repetition; and/or (2) using a smaller number of frequency repetitions by exploiting the temporal allowance for OCB to be less than 80% of nominal bandwidth with a minimum of 2 MHz. With such enhancements, comparable PAPR performance can be achieved between Alt1 and Alt2 [5].
In terms of PRACH capacity per cell, which refers to the number of preambles per RO and number of ROs for the same time and frequency resources [1], both Alt1 and Alt2 also have similar performance. Specifically, for a given PRACH preamble format, both Alt1 and Alt2 would correspond to the same number of ROs within the same time and frequency resource (e.g., 1 PRACH slot within a nominal channel bandwidth). In addition, on a per RO basis, both Alt1 and Alt2 can easily generate 64 PRACH preambles in each RO, which is the maximum number of PRACH preambles defined for each RO in Rel-15. As a result, despite the single long PRACH sequence can generate a higher total number of available preambles compared to repetition of Rel-15 PRACH sequences [5], the PRACH capacity per cell supported by Alt2 is already sufficient for NR-U applications. Furthermore, since NR-U mainly targets the small cell scenarios with relatively small cell radius, and the CAT-4 LBT requirement can reduce the number of UEs simultaneously attempting PRACH, the PRACH capacity after all is not a critical issue for NR-U.
Standardization efforts comparison between Alt1 and Alt2
Despite the very similar PRACH performance in terms of every key metric, Alt1 and Alt2 differs significantly in terms of the standardization efforts. Specifically, in order to support Alt1 with a single long wideband PRACH sequence, at least the following standardization efforts need to be addressed:
· Indication method of the long wideband PRACH sequence length.
· Modify or re-interpret the existing Rel-15 PRACH configuration table when a long wideband PRACH sequence is configured. 
· Define the supported Ncs values and the corresponding mapping from zeroCorrelationZoneConfig to Ncs for each additionally introduced long wideband PRACH sequence length.
· Define the number of supported root indexes and mapping from logical root sequence index to physical root sequence index for each additionally introduced wideband PRACH sequence length.
· Define the frequency domain resource configuration for the long wideband PRACH sequence. 
Since Alt2 is based on repetition of existing Rel-15 PRACH sequences, the previous standardization efforts in order to support Alt1 are not required. By contrast, Alt2 can be supported by reusing most PRACH configurations from Rel-15 with minor changes. For example, Alt2 with N (e.g., N = 1, 2, 4, 8) repetitions of the PRACH sequence in the frequency-domain can be supported by configuring the number of FDM’ed ROs to be N and the number of ROs associated with an SS/PBCH block to be N; and by allowing each UE to utilize all the N ROs associated with its selected SS/PBCH block to transmit the repeated PRACH sequences. The repetitions of PRACH sequence in frequency domain can be mapped to contiguous RBs within the same UL BWP similar to Rel-15. In addition, a fixed phase rotation/cyclic shifts across different repetitions can be defined in the specification to reduce PAPR for Alt2. 
Since comparable PRACH performance between Alt1 and Alt2 can be achieved but Alt1 requires much higher standardization efforts, NR-U can reuse the legacy Rel-15 NR PRACH sequence of length 139 with repetitions in frequency domain.
Proposal 9: NR-U shall support reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.
Proposal 10: Repetitions of PRACH sequence can be mapped to contiguous RBs for Alt1.
3.2 Supported NR-U PRACH formats
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. 
[bookmark: _GoBack]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 can already support a maximum cell radius of at least 1.5 km with 30 kHz PRACH SCS.
Among the short PRACH preamble formats from Rel-15 NR, format C0 and C2 also do not need to be supported for FR1 NR-U since NR-U mainly targets the small cell scenarios. In addition, the guard period of format B may not be useful if there is a gap symbols between ROs. As a result, Rel-15 NR PRACH preamble format A can be supported for FR1 NR-U. 
Furthermore, the short preamble format A can be applied by NR-U when NR-U PRACH uses either the legacy Rel-15 PRACH waveform, or the wideband PRACH waveform according to direct repetition of legacy NR PRACH sequences or a single long PRACH sequence.
Proposal 11: NR-U shall only support short PRACH preamble format A defined in Rel-15 NR.
3.3 PRACH Numerology
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. Therefore, 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 12: NR-U shall support 30 kHz SCS only for PRACH.
3.4 Multiplexing of PRACH with other UL channels
With the support of repetition of legacy PRACH sequences in frequency domain, 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 since different waveforms (continuous and interlaced) are applied for PRACH and PUSCH/PUCCH. Besides, the potential LBT blocking due to TA difference between FDM’ed PUSCH/PUCCH and PRACH could be avoided.
Proposal 13: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
4 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, as shown in the example of Figure 2 with format A2. 
Given that LBT is required before each PRACH transmission, the consecutive allocation of ROs within a PRACH slot could lead to the scenario where LBT for a RO is failed due to a PRACH transmission utilizing the previous RO. In a specific example, consider a UE allocated with RO2 (which ranges from symbol #4 to symbol #7) in Figure 2, wherein the NR-U PRACH SCS is 30 kHz. If the UE applies CAT-4 PRACH LBT with lowest priority class value (i.e., highest priority) to transmit PRACH, the corresponding LBT duration is at least 97µs when the backoff counter equals the maximum contention window size of 7. As a result, the LBT requires at least 3 OFDM symbols and the UE needs to perform CAT-4 LBT at least from symbol #1 to symbol #3. However, since symbol #1 to symbol #3 overlaps with RO1, the LBT of the UE is very likely to be blocked by other UE(s) that transmits on RO1. This LBT blocking issue between neighboring ROs becomes even more significant when NR-U uses a wideband PRACH waveform, since the corresponding PRACH transmit power will be close to the maximum allowed transmit power per nominal bandwidth.


Figure 2. An example of consecutive RO allocation within a PRACH slot.
To alleviate the LBT blocking issue, 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 3 OFDM symbols can be introduced between neighboring ROs for NR-U PRACH with 30 kHz SCS. An illustration of introducing a gap duration of 3 OFDM symbols between two neighboring ROs is provided in Figure 2, wherein the first RO is of format A2 and second RO is of format B2.

                                                                                                                                                                          
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 14: 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.
5 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: SS/PBCH block pattern Option 2 has better coding rate than Option 1. 

Observation 2: Alt 1 cannot support half-slot based operation and introduces different UE behaviour from NR Rel-15 in initial access procedure.  

Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported.

Observation 4: There is no need to support short PUCCH in DRS burst. 

Observation 5: There is no issue for RO for all the alternatives. 

Observation 6: SS/PBCH block pattern Option 2 has better flexibility in future compatibility. 

Proposal 1: For NR-U DRS, Alt 2 shall be supported.

Proposal 2: 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.

Proposal 3: NR-U DRS shall support the following configurations of Type0-PDCCH CSS:

	Configuration index
	Number of symbols for CORESET#0
	Number of Type0-PDCCH CSS within a slot
	Starting symbol for Type0-PDCCH CSS

	1
	1
	1
	0

	2
	1
	2
	0 if SS/PBCH block index is even, and 1 if SS/PBCH block index is odd

	3
	1
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd

	4
	2
	1
	0

	5
	2
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd



Proposal 4: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

Proposal 5: The DCI format for RMSI (e.g. DCI format 1_0 with CRC scrambled by SI-RNTI) indicates the actually transmitted SS/PBCH blocks within the slot.

Proposal 6: CSI-RS can be configured in the symbols not overlapping SS/PBCH block in NR-U DRS.

Proposal 7: At least one of the following set of configurations on Type0A/2-PDCCH CSS should be supported for NR-U DRS, and PDCCH/PDSCH of OSI/paging are wrapped-around together with the transmission of the QCLed SS/PBCH blocks:
· Option 1: A burst of OSI/Paging is transmitted right after the burst of SS/PBCH blocks;
· Option 2: OSI/Paging shared the same burst with SS/PBCH blocks by muting some SS/PBCH block transmissions.

Proposal 8: Single synchronization raster entry for each 20 MHz nominal channel, and fixed frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block, wherein the offset is to be down-selected in RAN4:
· Option 1: Fixed frequency offset is 0 RB (edge aligned);
· Option 2: Fixed frequency offset is 14 RBs (center aligned).

Proposal 9: NR-U shall support reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.
Proposal 10: Repetitions of PRACH sequence can be mapped to contiguous RBs for Alt1.
Proposal 11: NR-U shall only support short PRACH preamble format A defined in Rel-15 NR.
Proposal 12: NR-U shall support 30 kHz SCS only for PRACH.
Proposal 13: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
Proposal 14: 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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