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1. Introduction
The work item description on NR based access to unlicensed spectrum [1] contains the objectives of the WI which include the following:
Physical layer aspects:
· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2).
· 60kHz based SSB/PBCH block is outside the scope of the WI.
· DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;
· PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation.
· Determine the applicability of Rel-15 NR formats to NR-U operation. RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
Physical layer procedure(s):
· Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
· Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 
2. NR-U DRS
In RAN1#95 and #94 we agreed the following:
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”
· 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 SA/DC scenario it is agreed to multiplex RMSI with the SSB using pattern 1 and initial BWP of 20MHz. Following changes can be considered over NR Rel15 for continuous DRS transmission and frequency multiplexing RMSI with the SSB.
In NR Rel-15, there is little motivation to maintain compact transmission of PDSCH and SSB. 
With 15/30Khz SCS, the SSB does not occupy the entire initial BWP and it is beneficial to allow RMSI to be multiplexed with SSB in frequency domain. In NR, TDM multiplexing of SSB and RMSI coreset is supported and FDM of RMSI PDSCH and SSB is supported by scheduling decision and default PDSCH SLIV configuration. However, more flexibility in the PDSCH SLIV configuration might be needed to naturally support SSB/RMSI coreset/RMSI PDSCH delivery with no gap in the transmission. For instance:
· FDM (including rate matching, if needed) of RMSI/Paging PDSCH around the SSBs.
· TDM RMSI/Paging/OSI PDSCH with SSBs.
Given the choice of Pattern 1 and the need for continuous DRS, the PDCCH CORESET for RMSI scheduling should be configured continuously with SSBs.
[bookmark: T0PDCCH_be_SSBs]Proposal 1: For NR-U, Type-0 PDCCH should be TDM-ed with SSB, in the inter-SSB gaps. 
[bookmark: _GoBack]Furthermore, overloading Pattern 1 for NR-U would result in very few usable resource indices that satisfy DRS continuity. Rather, a new pattern is best defined that accounts for the continuous DRS transmission requirement.
[bookmark: Pattern4]Proposal 2: RAN1 shall introduce a new RMSI allocation pattern akin to Pattern 1, which would be more adapted to the DRS continuity requirement.
To ensure compact DRS transmission, in the presence of LBT, the multiplexing of RMSI/Paging/OSI PDSCH must be flexible enough to maintain continuity with SSBs, while ensuring robust transmission. Two options can be considered:
· Option 1: PDSCHf(i) that share QCL with SSBi are located at fixed cyclically-wrapped position (same as SSBs) 
· Option 2: PDSCHf(i) that share QCL with SSBi follows the SS Burst.
In some cases, FDM-ing may satisfy the DRS continuity requirement, at the cost of diminished RMSI size. When larger RMSI size is needed, TDM-ing is not optimized for DRS continuity. Both FDM and TDM options require further consideration to achieve robust RMSI signaling, under DRS continuity needs. The default SLIV tables are not optimized for continuous SSB/RMSI delivery:
[bookmark: Flexible_SLIV]Proposal 3: Enhance default PDSCH SLIV table to support continuous DRS delivery.
PRACH
3.1	Interlace Structure
In RAN1#95 and 94 we agreed the following:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

In RAN1#93 the following was agreed with respect to the UL PRACH signals in NR-U:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH
Multiple interlace based PRACH design have been proposed, such as block interlace with non-uniform spacing of PRACH PRBs as listed in [2], or IFDM based PRACH listed in [3].
However, before we discuss on how to map the PRACH to the frequency domain, it is important to identify the PRACH time domain structure as it may affect the frequency allocation. It is also important to discuss whether the expected timing advance can be handled by CP duration for the regular data transmission or not.
In NR, multiple short PRACH formats have been introduced. Figure 1 lists the NR short PRACH formats with 15Khz SCS. The PRACH format with other SCS scaled proportionally in time and frequency domain.



[bookmark: _Ref525676269]Figure 1 Short PRACH format in NR
With interlace structure, multiple options can be considered.
· Option 1: Retain the same time domain structure where the PRACH consists of CP, followed by sequence potentially repeated multiple times
· This option allows potential TA larger than the one can be handled by the CP of regular data transmission. In other words, the CP for PRACH channel can be larger than the CP for regular data transmission.
· However, due to the non-aligned symbol boundary between PRACH and other channels, the adjacent sub-carrier interference is expected when PRACH and other channels are multiplexed on adjacent interlaces/sub-carriers, especially on the first and the last PRACH symbols.
· If the TA is expected to be handled by regular CP duration, PRACH format A can avoid adjacent sub-carrier interference, even when PRACH and other channels are multiplexed on adjacent interlace. 


[bookmark: _Ref525681516]Figure 2 Interlace PRACH structure in time domain as in NR

· Option 2: The block interlace PRACH structure follows the regular PUCCH/PUSCH interlace structure where CP is appended prior to each PRACH sequence. In addition, time domain spreading can be applied on top of each PRACH sequence to increase the dimension of preamble sequence.
· This option assumes that the TA can be handled by regular CP duration for data transmission.



[bookmark: _Ref525681519]Figure 3 Interlace PRACH structure aligned with other channels in time domain 
[bookmark: PRACH_TA_requirement]Proposal 4: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
[bookmark: PRACH_TA_IN_CP]Proposal 5: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
[bookmark: PRACH_TA_OUTSIDE_CP]Proposal 6: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
3.2	PRACH numerology and sequence length 
To minimize adjacent sub-carrier interference when PRACH is multiplexed with other channels in frequency domain, it is preferable to have use the aligned numerology between PRACH and other UL channels. When 60KHz SCS is used for the other UL transmission, it is preferable that PRACH also uses 60KHz SCS, though this might be dependent on UE capability, which cannot be known a-priori for IDLE UEs.
The choice of PRACH sequence length also depends on whether we use PRACH time domain structure as in either Figure 2 or Figure 3. When PRACH has channel structure aligned with other channels, the PRACH channel is similar to interlace PUCCH/PUSCH channel. In this case, the PRACH sequence can reuse the DMRS sequence used for interlace PUCCH/PUSCH.
[bookmark: PRACH_PUSCH_SCS]Proposal 7: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.
[bookmark: PRACH_STRUCT]Proposal 8: The choice of PRACH sequence length depends on the PRACH structure
PRACH sequences with 60 kHz SCS can could be considered for Connected mode. Note that Idle mode UEs may not have have the 60 kHz PRACH capability, so 60 kHz SCS PRACH waveform is not advisable for this UE state. Primary motivation being multiplexing with PUSCH/PUCCH, 60 kHz waveform design should be driven by whether PUSCH/PUCCH 60 kHz interlace waveform is supported.
[bookmark: PRACH_60kHz]Observation 9: PRACH sequences with 60 kHz SCS can could be considered for Connected mode.
· 60 kHz waveform design should be driven by PUSCH/PUCCH 60 kHz interlace waveform 
3.3	PRACH LBT and Triggering
When multiple RACH opportunities (RO) are configured back-to-back, NR-U UEs are expected to undergo LBT prior to msg1. To maintain the availability of all ROs, it is imperative to avoid UEs that RACH to earlier ROs from inhibiting LBT success for UEs RACH-ing to later ROs (e.g. by restricting RACH waveform formats or lengths, considering TA needs, etc).
[bookmark: GAPS_bw_ROs]Proposal 10: Introduce gaps between consecutively TDM-ed PRACH occasions, to avoid earlier UEs blocking access of later UEs.
· The size of the gaps shall match the maximum expected LBT duration.
PRACH can follow either cat-2 or cat-4 LBT, depending on whether the PRACH occasion falls inside or outside gNB-initiated COT. For this, it is necessary for gNB to indicate whether a RACH occasion falls inside or outside LBT. COT-size indication can be signalled in a DCI that precedes the RACH occasion, as recorded in RAN1#95 [5]:
	Agreement:
· Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec
Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
· When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
· For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
· Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
· Note: the number of LBT attempts within a COT should be discussed further during the WI.



[bookmark: DCI_COT_PRACH]Proposal 11: DCI shall be used to indicate COT reservation to cover the PRACH occasions. UEs can select LBT category in accordance.
NR-U faces a trade-off between configuring a high density of semistatic PRACH occasions, and tolerating increased RACH latency in a contention medium. To reduce the impact of the tradeoff, gNB should be allowed to dynamically indicate the presence of PRACH opportunities, triggering interested UEs to make use of these opportunities. Such opportunities can further benefit from a gNB-reserved COT. The reservation can be DCI-triggered.
[bookmark: PRACH_TRIGGER]Proposal 12: Support triggered PRACH, for both Connected and Idle UEs. FFS how the DCI trigger is coded and transported: CORESET, PDCCH configuration type, RACH Occasion type, multiplexing and format/s, RNTI, COT length.
· To limit signalling impact, some of these resources may be subject to indexing via specification or RRC configuration.
RACH Occasions may be multiplexed with UL data or control. Depending which transmission starts earlier and whether the UEs are above-ED to each other, one of these transmissions may block the LBT process of the other. It is important to allow gNB a way to prioritize msg1 transmissions over regular UL data or control transmission.
[bookmark: RACH_PUSCH_PRIORITY]Proposal 13: RAN1 shall consider an approach to prioritize PRACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs.
 Summary
Proposal 1: For NR-U, Type-0 PDCCH should be TDM-ed with SSB, in the inter-SSB gaps. 
Proposal 2: RAN1 shall introduce a new RMSI allocation pattern akin to Pattern 1, which would be more adapted to the DRS continuity requirement.
Proposal 3: Enhance default PDSCH SLIV table to support continuous DRS delivery.
Proposal 4: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
Proposal 5: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
Proposal 6: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
Proposal 7: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.
Proposal 8: The choice of PRACH sequence length depends on the PRACH structure
Observation 9: PRACH sequences with 60 kHz SCS can could be considered for Connected mode.
· 60 kHz waveform design should be driven by PUSCH/PUCCH 60 kHz interlace waveform 
Proposal 10: Introduce gaps between consecutively TDM-ed PRACH occasions, to avoid earlier UEs blocking access of later UEs.
· The size of the gaps shall match the maximum expected LBT duration.
Proposal 11: DCI shall be used to indicate COT reservation to cover the PRACH occasions. UEs can select LBT category in accordance.
Proposal 12: Support triggered PRACH, for both Connected and Idle UEs. FFS how the DCI trigger is coded and transported: CORESET, PDCCH configuration type, RACH Occasion type, multiplexing and format/s, RNTI, COT length.
· To limit signalling impact, some of these resources may be subject to indexing via specification or RRC configuration.
Proposal 13: RAN1 shall consider an approach to prioritize PRACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs.
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