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1 Introduction 
In RAN1 #94 and #94bis, during the study on NR-based access to unlicensed spectrum the following agreements were made related to DRS. 

	Agreement (RAN1 #94): 

· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for

· Meeting OCB requirement

· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy

· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 

· Resolution of PCI confusion in an NR-U deployment

· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals

· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
Agreement (RAN1#94bis):
For SSB transmissions as part of DRS:

· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 

· FFS: How to derive frame timing from detected SS/PBCH block 

· Transmitted SSBs do not overlap

· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 

· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8

· FFS: Duration of DRS transmission window

· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels

· FFS: relationship between transmitted SSB index and QCL assumption at UE

· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission




Following the above agreements, we share our views on downlink channels and signals for NR-U including DRS, CORESET, and technology neutral common preamble design.
2 60 kHz subcarrier spacing 

This topic is considered in detail in [2]. A summary of the pros and cons on the introduction of SSB/PBCH with 60 KHz SCS is as follows:
· Benefits from the introduction of 60 kHz SCS for SSB/PBCH

· By having shorter symbol length, we can have finer channel access granularity, which may provide benefits on LBT procedure and channel occupancy flexibility

· More transmission opportunity SSB/PBCH (or NR-U DRS) assuming the same overhead

· Drawbacks from the introduction of 60 kHz SCS for SSB/PBCH

· Additional specification and additional implementation is needed on top of Rel-15 SSB/PBCH

· Larger guard band increases overhead

· Supportable cell size is small due to the shorter CP lengths, if normal CP is used. Extended CP may be required to be supported.

Based on pros and cons noted above, the overall benefits of 60 kHz SCS is not clear at this time. It is proposed to work on 15 kHz/30 kHz SCS first and then we may study 60 kHz SCS for SSB/PBCH.

Proposal 1: Prioritize 15 kHz & 30 kHz SCS for NR-U standardization
3 NR DRS transmission 
Several aspects of NR DRS transmission were discussed in RAN1#93 and RAN1#94. One aspect is the composition of NR DRS signal. It is observed that in NR Rel-15, SSB+PBCH can be considered as the only always-ON transmission signals. Continuing on the same principle, it was agreed in RAN1#93 that SSB+PBCH is an essential component of NR DRS. We note that multiple physical channels and signals could be bundled within DRS and assigned the same high priority. In order to take full advantage of the acquired MCOT, RMSI and CSI-RS has been considered to be beneficial for inclusion within NR DRS in RAN1#94. 
A related issue is the handling of gaps between successive SSB+PBCH instances as defined in Rel-15 in order to avoid additional LBT. This also provides a certain motivation to include RMSI and CSI-RS as part of NR DRS (although RMSI may not be transmitted in SCells). However, it should be noted that the symbol gaps between SSB blocks serve several purposes in Rel-15 – it allows for PDCCH/PUCCH transmissions, it avoids symbols of unequal length within the SSB (the first symbol of each slot is longer than the other symbols for 15kHz).
Another related issue is the requirement of occupied channel bandwidth (OCB). We note here that an SSB spans 3.6 MHz at 15 kHz and 7.2 MHz at 30 kHz. Both are larger than 2 MHz needed to take advantage of the temporal allowance. Inclusion of RMSI or CSI-RS into DRS can be beneficial to meet OCB requirements of 80% in certain cases.
It has also been noted in RAN1#93 that NR DRS should consider to minimise the channel occupancy time. With this background, we provide some example scenarios to be considered below for NR DRS time duration.

3.1 NR DRS time duration

Considering that NR Rel-15 SSB+PBCH structure which has been agreed to be the only essential component of DRS (so far) spans 4 symbols, we propose to allow a gNB to flexibly adjust the NR-U DRS transmission time duration. As an example, a cell employing multiple SSB beams (indices) may choose to drop a few SSB beams (indices) and transmit the rest within an SMTC duration depending on LBT success or failure. This simply allows more transmission opportunity of DRS which may comprise of other important signals including RLM-RS, BM-RS, TRS (in the form of CSI-RS). 

In Figure 1 (a) we show an example scenario (15 kHz, Lmax=4) where DRS transmission covers all 4 SSB beams. In Figure 1 (b) we show an example scenario where DRS transmission covers 2 out of 4 SSB beams due to LBT failure (2 SSB beams are dropped in this SMTC window).
Proposal 2: Allow the gNB flexibility to drop SSB beams (indices) depending on LBT failure – thereby not mandating all SSB beams to be transmitted within a DRS duration (for multi-beam case).
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(a) Example NR DRS transmission time duration covering all 4 SSBs
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(b) Example NR DRS transmission time duration covering 2 SSBs


Figure 1: NR DRS flexible transmission duration examples
3.2 DRS transmission opportunities
In NR Rel-15, each slot can support a maximum of 2 SSB transmission opportunities. However, only certain slots are allowed to transmit SSBs. Note that in NR Rel-15, 64 code-points are used to convey a SSB index. 3 bits are conveyed with PBCH-DMRS sequence and 3 bits are conveyed using MIB. Further it is specified that a designated location within a designated slot is associated with a unique SSB index which allows the slot/frame timing information to be discovered from SSB index. In order to cope with LBT it is proposed to extend SSB transmission opportunities to all the slots within a 5ms window. We have the following proposal: 
Proposal 3: Extend SSB transmission opportunities to all slots within a SMTC window. As an initial design consider Rel-15 SSB symbol locations within a slot. SSB indices together with slot/frame timing information can be conveyed using a combination of PBCH-DMRS sequence and PBCH payload.
Another discussion point for DRS is the association of a SSB transmission opportunity with a SSB beam (index) and a potential time-shift (due to LBT failure). Note that in the licensed case, a SSB transmission opportunity is associated with a SSB beam index statically. A natural extension of this principle to the unlicensed case is to associate a SSB transmission opportunity with a SSB beam index and a time-shift statically. This can be achieved with the following alternative as indicated in RAN1#94 chairman’s notes:

Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission 
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Figure 2: Example of Alt-2 for the case of 15 kHz, Lmax=4
There are several drawbacks with this approach:
a) For a cell employing less than the maximum number of SSB beams, the number of DRS transmission opportunities is significantly reduced. For example in Figure 2, only 3/10 SSB transmission opportunities are available for a cell employing a single SSB beam. This is exactly the opposite of what we would like to do to mitigate the negative consequences of LBT and undermines the principle of prioritizing DRS transmissions. Note that depending on further RAN1 discussions, it is possible that certain time-critical signals such as RLM-RS, BM-RS, TRS (different forms of CSI-RS) can be transmitted within DRS and this reduced number of DRS transmission opportunities may significantly affect system performance.
b) Depending on LBT success or failure as we mentioned in the earlier section, a gNB may drop certain SSBs within a SMTC window. This may result in quite unequal number of transmissions for the different SSB indices over a longer term (200-800ms). This particularly affects RRM measurements related to cell-quality where a UE may determine cell quality by linear averaging measurements from up to N best beams above a certain threshold.
c)  Considering Rel-15 values of maximum number of SSB beams, the number of transmission opportunities that can be provided to each SSB beam is unequal. As an example, at 15 kHz with L=4, SSB indices-0, 1 can each be offered 3/10 transmission opportunities and SSB indices-2, 3 can each be offered 2/10 transmission opportunities.
In order to address the issues mentioned above we propose that a slot and symbol location is not associated with a pre-determined SSB index but rather it is up to the NW to schedule a certain SSB index (from a small set of possibilities) in a slot and symbol location. 
As an example we consider the following options for 15 kHz SCS.
3.2.1 15 kHz, L=4
We assume a 5ms window comprising of 5 slots and each slot supporting 2 SSB transmission opportunities. Total number of transmission opportunities is 10. Note that a transmission opportunity provides slot/frame timing information.

Table 1: Association of SSB index with SSB transmission opportunity
	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1

	Number of code-points
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Total codepoints
	10


In Table 1, we show a possible association of SSB transmission opportunities to SSB indices according to Alt-2 above. Essentially SSB indices are cycled through the different transmission opportunities. Here SSB indices-0, 1 are each offered 3/10 transmission opportunities, SSB indices-2, 3 are each offered 2/10 transmission opportunities. The total number of code-points required for this case is 10.

Table 2: Association of SSB index with SSB transmission opportunity

	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Number of code-points
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	Total codepoints
	40


In Table 2, we show another possible association of SSB transmission opportunities to SSB indices. In this case, any SSB index is allowed to be transmitted in any transmission opportunity. Here SSB indices-0, 1, 2, 3 are each offered the same transmission opportunities.
3.2.2 15 kHz, L=8

Based on the same concept as in Table 2, we can extend the principle to the case of L=8 while maintaining 64 code-points.
Table 3: Association of SSB index with SSB transmission opportunity

	Transmission opportunity
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SSB index
	0
	6
	4
	2
	0
	6
	4
	2
	0
	6

	
	1
	7
	5
	3
	1
	7
	5
	3
	1
	7

	
	2
	0
	6
	4
	2
	0
	6
	4
	2
	0

	
	3
	1
	7
	5
	3
	1
	7
	5
	3
	1

	
	4
	2
	0
	6
	4
	2
	0
	6
	4
	2

	
	5
	3
	1
	7
	5
	3
	1
	7
	5
	3

	
	6
	
	
	
	7
	5
	
	
	
	4

	Number of code-points
	7
	6
	6
	6
	7
	7
	6
	6
	6
	7

	Total codepoints
	64


Here SSB indices 0-7 are each offered the same transmission opportunities (8/10). 
It can be observed from the above that if the number of code-points is limited to 64, then to offer the flexibility of transmitting any SSB index in any transmission opportunity a maximum of 6 beams (L=6) can be supported with 15kHz and a maximum of 3 beams (L=3) can be supported with 30kHz. It is worth noting that for unlicensed operation due to EIRP/PSD limitation, the benefit of narrow beams (that leads to an increased number of beams for coverage) is limited. On the other hand, the number of available code-points may be increased by assigning more bits in PBCH for conveying SSB index and frame-timing information. 
Proposal 4: Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.
3.3 RMSI CORESET multiplexing
It has been agreed in RAN1#93 that inclusion of RMSI-CORESET as part of NR-U DRS is beneficial: 

Agreement: 

· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for

· Meeting OCB requirement

· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy

· Support of stand-alone NR-U deployments

· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 

· Resolution of PCI confusion in an NR-U deployment

· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals

· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial

Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
In terms of multiplexing RMSI-CORESET with SS/PBCH blocks the following multiplexing patterns are supported in Rel-15:
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(a) Pattern 1 (TDM in same slot)
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(b) Pattern 1 (TDM in different slot)
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(c) Pattern 2 (TDM and FDM in same slot) in FR2 only
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(d) Pattern 3 (FDM in same slot) in FR2 only


Figure 3: Illustration of multiplexing patterns in NR Rel-15
A design aspect in NR-U is to minimize the time-domain footprint of a DRS transmission in order to maximize the transmission opportunities of a DRS signal (while also not requiring multiple LBT attempts for a DRS transmission). Given this motivation we believe it may be feasible to design RMSI-CORESET multiplexing for NR-U based on TDM principles as in Pattern 1 – although we envision some adjustments to the design as shown in Figure 4 – here each CORESET is adjusted such that it is located adjacent to a SSB/PBCH block. We also note that the exact multiplexing decision depends on aspects such as the design of DRS transmission opportunities,  dimensioning of RMSI, subcarrier spacing of DRS/SSB/PBCH.
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Figure 4: Possible RMSI CORESET multiplexing pattern for NR-U
Proposal 5: Consider adjustments to RMSI CORESET multiplexing pattern-1 for NR-U DRS design while preserving the general principle of TDM multiplexing 
3.4 CSI-RS transmission
In order to reduce LBT overhead for CSI-RS transmission, as well as to allow RRM measurements, CSI-RS transmission may be allowed as part of DRS transmission when required by the NW. This follows, in part, the motivation and principle of LTE LAA DRS. In general, CSI-RS may be transmitted in the symbols following a SSB. Such a CSI-RS (one or more) may be configured to a UE and associated with a SSB index (not necessarily QCL). It was agreed in RAN1#94 that CSI-RS transmission within a DRS window can be beneficial.
In addition, we believe there is no need to introduce any limitation on the type of CSI-RS that can be transmitted within DRS. For example CSI-RS within the DRS can be used as TRS (tracking RS), RLM-RS, BM-RS (beam management RS), CSI. 
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Figure 5: Example of CSI-RS transmission as part of DRS
TRS: This type of CSI-RS is a high-density wideband RS that is used for time-frequency offset tracking, delay and Doppler spread estimation and AGC updates – it is therefore an essential signal that can be used by all CONNECTED mode UEs to update and maintain their front-end base-band processing (including FFT window placement, channel estimation filter updates, SINR updates etc.). RE-mapping for TRS is shown in Figure 6.
RLM, RRM, Beam management (BM): CSI-RS for RLM, RRM and BM functionalities are typically cell-specific and share the same physical resources in a cell to reduce system overhead. Although they are used for measurements that vary in criticality – for example RLM measurements in Rel-15 are updated every 10ms, RRM measurements are typically not updated faster than 200ms and BM measurements are reported at L1 requiring a fast update as well. Therefore it is proposed to allow CSI-RS for these functionalities to be included within NRU-DRS. 
CSI: CSI-RS for CSI acquisition may not be as critical as the other types of CSI-RS mentioned above. However, in many cases, CSI-RS for CSI shares the same physical resources in the cell as other types of CSI-RS (particularly when the number of transmit antenna ports is 2).
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Figure 6: Illustration of TRS REs in a time frequency resource of 1 PRB x 1 slot in NR Rel-15
Proposal 6: Consider allowing any type of CSI-RS transmission within a NR DRS transmission window (can be used for time-frequency tracking, beam-management, radio-link-monitoring or CSI feedback.
4 CORESET configuration in a wideband carrier 

Wideband (greater and multiples 20MHz) operation principles are considered in the frame structure agenda item and two main approaches are under consideration – (i) basing it on CA principles (similar to LTE) that may incur some guard band overhead, or (ii) additionally considering improvement of spectral utilization by BWP based operation. Some key issues under consideration are:

· Whether a gNB is expected/considered to prepare multiple PDSCH sizes and perform transmission based on successful LBT sub-bands
· Whether guard bands will be defined by RAN4 within a BWP to protect 20 MHz BW portions not used for transmission

· Whether a UE is expected to receive PDSCH on multiple active BWPs at the same time

· Whether a gNB is expected to  switch BWPs within a fraction of a CP duration (based on LBT success/failure) for certain BWP configurations

Based on these principles, the following options were agreed in RAN1#94bis:

Agreement (RAN1#94bis):
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

In this section we discuss CORESET configuration for Option 3. Two main approaches can be considered:

· Multiple CORESETs are configured within a BWP, each CORESET resides within a 20 MHz LBT sub-band. One issue with this approach is that currently a maximum of 3 CORESETs can be configured per BWP and this approach requires a certain CORESET diversity for mitigating LBT failures. Increasing the number of CORESETs generally leads to an increase in UE complexity. 

· A single CORESET is configured that spans across multiple LBT sub-bands. PDCCH candidates are placed within 20 MHz LBT sub-bands (distributed CCE to REG mapping cannot be used). With this approach, some PDCCH candidates may not be usable if they overlap with guard bands defined within a BWP thereby affecting PDCCH performance or increasing blocking probability.

Note that the two approaches are not meant to be mutually exclusive and will depend on the choice of gNB configuration – for example a CORESET may span a few LBT sub-bands but not all.

 Proposal 7: Consider increasing the number of monitored CORESETs per BWP in order to mitigate LBT failure in wideband operation while considering UE complexity implications
5 Approaches for technology neutral preamble 
In high-level, the potential approaches for supporting technology neutral preamble can be divided into two alternatives:

· Design technology neutral common preamble based on the IEEE 802.11a preamble.

· Design technology neutral common preamble based on NR-U signals.

The following figure illustrates preamble structures for IEEE 802.11 technologies operating in 5 GHz unlicensed spectrum [3]. From the figure, it can be observed that the preambles of later technologies, i.e., 802.11n/ac/ax, always start with 11a preamble consisting of legacy short training field (L-STF), legacy long training field (L-LTF), and legacy SIG (L-SIG) field, except for 11n Greenfield preamble, designed for 11n devices operating in a band where no legacy Wi-Fi devices are operating. The reuse of 11a legacy preamble in the later IEEE 802.11 technologies is for backwards compatibility. Designing technology neutral common preamble based on the IEEE 802.11a preamble is in the same context. That is, the technology neutral preamble is designed considering the compatibility with existing Wi-Fi devices that can understand some form of the IEEE 802.11a preamble. 
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Figure 1. Preamble structure of IEEE 802.11 technologies operating in 5 GHz unlicensed spectrum
In [4] and [5], we discussed details about the addition of IEEE 802.11a based preamble into NR-U technology.

NR-U based preamble can also be based on existing NR signals and the potential candidates are PDCCH (with DMRS), CSI-RS and PSS/SSS.

The table below outlines the advantages of having either the 802.11a based preamble or the NR based preamble.

	
	802.11a based preamble used by NR-U transmitter
	NR based preamble used by NR-U transmitter

	Effect on surrounding Wifi Devices
	Wifi devices will defer to NR-U transmissions that have RX power greater than -82 dBm threshold.
	Wifi devices will defer to NR-U transmissions that have RX power greater than -62 dBm assuming that NR based preamble is not detected by the Wifi Devices.  There is a 20 dB penalty here compared to using the 802.11a based preamble.

	Effect on surrounding NR-U Devices
	NR-U devices should defer to NR-U transmissions that have RX power greater than -82 dBm threshold. Nearby Wifi devices will understand the preamble, defer, and not cause interference to nearby NR-U devices.
	NR-U devices should defer to NR-U transmissions that have RX power greater than pre-defined threshold.  This threshold would depend on the sensitivity of the NR based preamble.  


One important consideration is that, the usage of the 802.11a based preamble in NR-U allows NR-U devices to operate using the same received power threshold as the WiFi devices by being able to listen to each other at the -82 dBm level.  Its use alleviates the hidden node issue that is common in Wi-Fi and improves the interference seen by hidden nodes.  This fair coexistence properties cannot be obtained by using the NR based preamble unless other devices will introduce the detection capability of this preamble.

Proposal 8: 802.11a based preamble should be considered as a potential solution to the technology neutral preamble.
6 Conclusion
In this contribution we considered several aspects of NR DRS signal design and PDCCH and CORESET related issues. The following proposals and observations were made based on above discussions: 
Proposal 1: Prioritize 15 kHz & 30 kHz SCS for NR-U standardization
Proposal 2: Allow the gNB flexibility to drop SSB beams (indices) depending on LBT failure – thereby not mandating all SSB beams to be transmitted within a DRS duration (for multi-beam case).

Proposal 3: Extend SSB transmission opportunities to all slots within a SMTC window. As an initial design consider Rel-15 SSB symbol locations within a slot. SSB indices together with slot/frame timing information can be conveyed using a combination of PBCH-DMRS sequence and PBCH payload.

Proposal 4: Consider associating a SSB transmission opportunity with multiple SSB indices allowing the NW some flexibility in managing the frequency of SSB index transmission post-LBT.
Proposal 5: Consider adjustments to RMSI CORESET multiplexing pattern-1 for NR-U DRS design while preserving the general principle of TDM multiplexing 
Proposal 6: Consider allowing any type of CSI-RS transmission within a NR DRS transmission window (can be used for time-frequency tracking, beam-management, radio-link-monitoring or CSI feedback.

Proposal 7: Consider increasing the number of monitored CORESETs per BWP in order to mitigate LBT failure in wideband operation while considering UE complexity implications
Proposal 8: 802.11a based preamble should be considered as a potential solution to the technology neutral preamble.
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8 Text proposals
TP for section 7.2.1.2:

Inclusion of all the CSI-RS types and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for

-
Meeting OCB requirement

-
Compacting signals in time domain to limit the required number of channel access and for short channel occupancy

-
Support of stand-alone NR-U deployments

-
Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 

-
Resolution of PCI confusion in an NR-U deployment

TP for section 7.2.1.3.2:
A gNB may drop one or more SS/PBCH blocks due to LBT failure within a DRS transmission window. For SS/PBCH block transmission, it is recommended to define a mechanism to transmit SS/PBCH blocks dropped due to LBT failure. It is also recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SS/PBCH block.

For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within DRS transmission window to [Y], for e.g., Y = [64]. The trransmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is [X] within DRS transmission window with X <= 8.

