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Introduction
During RAN Plenary #82, the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum [2] has been approved, starting the Specifications phase for Release 16.
In RAN plenary #84, down-scoping of features has been agreed in [5]. The relevant scope agreed for this sub-agenda is the following:
7.2.2.1.1 Initial access signals and channels
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimizations
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs

In this contribution, we discuss details of initial access signals and channels design for NR-U:
· DRS
· PRACH
DRS 
The NR-U WID [2] lists the following physical layer aspects (DL signals and channels) to be specified related to DRS:
	Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	Physical layer aspects including [RAN1]:
…
-	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.



In the following we focus on the remaining topics:
· SSB pattern in time and type0-PDCCH monitoring
· RMSI-PDSCH rate matching around SSBs
· CSI-RS in DRS
· Default PDSCH SLIV table changes
· DRS with duration > 1 ms

SSB pattern in time and type0-PDCCH monitoring
One of the remaining open items is the exact positions of SS/PBCH blocks within a slot. The following related agreements and conclusion were made in RAN1#96bis and RAN1#97:
	RAN1#96bis:

Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· 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
· [bookmark: _Hlk7194124]Alt2: New SSB positions in a slot
· 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
· Alt 3: Legacy SSB positions in a slot
· 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) for coreset 0 for the second SSB in a slot

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

RAN1#97:

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.




For the subsequent discussion we quote the study item conclusion related to DRS design [1]:
	For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:
-	There are no gaps within the time span the signal is transmitted at least within a beam
….



The above quote basically says that DRSs transmitted from different beams should be TDMed. 
Observation 1: DRSs transmitted from different beams should be TDMed. 
Further, the conclusion made in RAN1#97 means that no enhancements upon NR Rel15 would be made to support efficient DRS transmission for NR-U, e.g. to enable TDMed half-slot DRS transmission (where DRS includes at least SSB, Type0-PDCCH and PDSCH). 
Observation 2: The conclusion made in RAN1#97 prevents use of TDMed half-slot DRS transmissions that would provide compact in time allocation for the DRS e.g. when RMSI payload is small. 
As stated in [1] Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.  In Rel15 for the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots. To make DRS transmission per beam compact in time domain it makes sense that Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB, i.e. UE would monitor PDCCH in the Type0-PDCCH CSS set in one slot.
Thus, related to existing FFS point:
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
Proposal 1: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions).
In Figure 1 we illustrate supported Rel15 Type0-PDCCH monitoring occasions in FR1 (multiplexing pattern 1) assuming RMSI is scheduled (CORESET#0) and transmitted (PDSCH) in the same slot as associated SSB (group offset O being equal to zero) and CORESET#0 time domain allocation is 1 symbol.
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[bookmark: _Ref15479325]Figure 1 PDCCH monitoring occasions with group offset O = 0 in FR1 in Rel15. 

From Figure 1 one can observe the following:
· Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB for the SSBs
· With M = ½ monitoring occasion of the second SSB in the slot is between the first monitoring occasion and SSB (with one symbol CORESET#0) which does not qualify the condition that DRSs from different beams would be TDMed.
· With 2-symbol CORESET#0 size, only monitoring occasion of the first SSB can be allocated with M = ½
· With two-symbol CORESET#0 there is no room for the second Type0-PDCCH in the slot with the agreed CORESET#0 size 48 PRBs with 30 kHz SCS
Observation 3: Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB but with M = ½ only Type0-PDCCH monitoring occasion of the first SSB can be allocated. 
Observation 4: Type0-PDCCH can be supported only for the first SSB of the slot for both one and two-symbol CORESET#0 sizes. 
Consequently, only slot-based DRS design can be supported, this because of missing second TYPE0 monitoring occasion caused by RAN1#97 conclusion and previous agreements (see Observation 1). Therefore, unless the second separate Type0-PDCCH is introduced in R16 for the second SSB in the slot, it would make sense to define SSBs in the slot to have the same QCL assumption to extend SSB coverage. 
Observation 5: Only slot-based DRS design can be supported based on the RAN1#97 conclusion.
Observation 6: In slot-based DRS design it would make sense to define SSBs in the slot to have the same QCL assumption to extend SSB coverage. 
As can be noted from above discussion and observations, without enhancements upon Rel15 the DRS design could be inefficient especially when RMSI payload is small (i.e. when PDSCH for RMSI would not require full-slot allocation). Thus, we see it important to still consider enhancements. 
Regarding the use of half-slots and full slot for RMSI delivery we calculate allowed RMSI sizes when using either 30kHz SCS half-slot DRS with 4 and 5 symbol PDSCH allocation or full slot DRS with 12 symbol PDSCH allocation. Regarding frequency domain allocation we have the assumption that possible PDSCH allocation is within 51 PRBs and when rate matching is enabled demodulation of PDSCH relies on PDCCH DMRS allocated upon the same 51 PRBs the PDSCH is occupied in frequency. It can be noted from Table 1 that DRS of half-slot duration would be able to carry RMSI payload size of approximately 350-410 bits (including CRC). 
Table 1 Supportable RMSI sizes with half-slot and full-slot DRSs
  [image: ]
As discussed in [3] a very basic RMSI content may be fit within less than 300 bits. Also considering RMSI transmission in NSA scenario targeting mainly global cell ID delivery the RMSI size may be small. Thus, to enable efficient system operation it should be possible to configure also half-slot DRSs that are capable of transmitting the compact RMSI sizes (i.e. to make DRS compact in time). Full-slot DRS is clearly needed for larger RMSI size. 
Proposal 2: NR-U should also support half-slot-based DRS with transmitted RMSI. If only slot-based DRS is supported, as per current status, SSBs in the same slot have the same QCL assumption 
If further discussion takes place regarding alternatives Alt1 and Alt2 discussed in RAN1#97, when a 2-symbol CORESET#0 is configured for both the first and second DRS in the slot to provide sufficient PDCCH coverage, Alt 2. can support in both DRSs a PDSCH allocation of 5 symbols while Alt 1. can support 5 symbols only in the second DRS within the slot. With 5 symbol PDSCH allocation there can be 48 % more REs available than with 4 symbol PDSCH allocation (when rate matching supported). Thus, we support Alt 2 enabling two DRSs within a slot with both CORESET#0 sizes and 5 symbol PDSCH allocation.
In addition, Alt.1 compared to Alt.2 may require more configuration bits in MIB. For Alt.2 single bit is required to indicate length of the CORESET, while for Alt.1 one additional bit is required to toggle position #6 or #7 for the 1-symbol CORESET if FFS is removed from the proposal.   
Proposal 3: Support Alt2: New SSB positions in a slot
· 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.

RMSI-PDSCH rate matching around SSBs 
As stated in [1] 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 an SS/PBCH block occurring in different time instances, and the CORESET#0 bandwidth overlapping with the transmission bandwidth of the SS/PBCH block.
One problem in efficient RMSI and SSB multiplexing in a compact form is that in Rel15 PDSCH carrying RMSI cannot be rate matched around SSBs [3GPP TS 38.214, section 5.1]:
“…When receiving the PDSCH scheduled with SI-RNTI in PDCCH Type0 common search space, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH….”
That would lead to a limited PDSCH resources for RMSI (scheduled by TYPE1 start-length FD RA) delivery within the DRS signal. Let’s look at this via examples by assuming a two-symbol CORESET#0, full-slot DRS with two SSBs and 51 PRB allocation for RMSI-PDSCH with 30 kHz SCS. With rate enabled we also assume PDCCH DMRS based channel estimation for PDSCH demodulation where PDCCH DMRS is allocated upon 51 PRBs (equal to PDSCH allocation). Depending on the SSB location within the initial BWP, the allowed PDSCH allocation would vary when no rate matching is used. With rate matching the amount of PRBs available for PDSCH would not depend on SSB location as illustrated in Figure 2. 
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[bookmark: _Ref7767612]Figure 2 PDSCH allocation options without and with rate matching. 
Number of REs available for PDSCH in cases a) – c) in Figure1 would be as follows:
a) 2346 REs (17 PRBs/symbol x 12 REs/PRB x 12 symbols – 6 REs/PRB x 17 PRBs/symbol)
b) 4278 REs (31 PRBs/symbol x 12 REs/PRB x 12 symbols – 6 REs/PRB x 31 PRBs/symbol)
c) 6384 PRBs (51 PRBs/symbol x 12 REs/PRB x 12 symbols – 2 x 20 PRBs/symbol x 4 symbols)
a. Gain 49 – 172 %
Depending on the SSB location within the initial BWP, the rate matching based solution together with utilizing PDCCH DMRS would provide around 49 – 172 % more REs for RMSI-PDSCH. Thus, it can be noted that to have efficient and compact DRS design in time domain, the PDSCH for RMSI should be able to be rate matched around SS/PBCH block(s) within a DRS signal.
Proposal 4: Support rate matching around SSB(s) for PDSCH scheduled with SI-RNTI within a DRS signal.
One concern in RMSI-PDSCH rate matching around SSB is the overlap between PDSCH DMRS symbol and SSB so that PDSCH DMRS couldn’t be allocated within the bandwidth the PDSCH is allocated. One potential solution, as assumed in above RE calculations, would be to have a wideband DMRS for CORESET#0 PDCCH and transmit RMSI-PDSCH using the same antenna port as PDCCH DMRS in CORESET#0. That would allow UE to use PDCCH DMRS for channel estimation to receive RMSI-PDSCH. Channel estimation for PDSCH demodulation could be based on combination of PDCCH, PDSCH DMRS and even PBCH DMRS or solely based on PDCCH DMRS. 
Observation 7: Wideband DMRS of CORESET#0 PDCCH could be used for channel estimation to receive RMSI-PDSCH.
To use CORESET#0 PDCCH DMRS for RMSI-PDSCH reception one issue may be a mismatch in supported frequency domain allocations. For RMSI-PDSCH 51 PRB wide allocation can be used while for CORESET#0 bandwidth would be 48 PRBs with 30 kHz SCS. On the other hand, that could be handled by allocating PDCCH DMRS upon 51 PRB (i.e. same frequency domain allocation as for RMSI-PDSCH) and CCEs of PDCCH within 48 PRBs. Then, RMSI PDSCH DMRS could be fully omitted providing an extra symbol for RMSI.  
Observation 8: CORESET#0 PDCCH DMRS could be allocated upon bandwidth of RMSI-PDSCH which may be larger than bandwidth of CORESET#0 (e.g. 51 vs 48 with 30 kHz SCS). 
Proposal 5: At least within DRS, CORESET#0 PDCCH DMRS span over entire sub-band.
[bookmark: _Ref1732899]CSI-RS in DRS
As known, SS/PBCH block transmission itself does not satisfy the OCB requirement. It has been agreed to allow other signals/channels to be multiplexed with SSB transmission, including RMSI PDSCH and CSI-RS as follows: 
	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.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.



Minimum contiguous allocation for CSI-RS in Rel15 is 24 PRBs and allocation is configured as integer multiples of 4 PRBs and the reference point for the starting PRB is CRB 0 (Point A) on the common resource block grid. Now in the DRS including PDSCH to carry RMSI, and assuming Rel15 functionality, there would not be possibility to configured CSI-RS e.g. in case the SSBs are allocated on the edge of the subband as illustrated in Figure 3. Note that RMSI cannot be rate-match around CSI-RS as per R15 specification.


[bookmark: _Ref16065886]Figure 3 Issue with CSI-RS configuration in DRS.
One option to enable CSI-RS configuration within the DRS could be to define rate matching PDSCH carrying RMSI in time domain within the DRS as shown in Figure 4.


[bookmark: _Ref16066130]Figure 4 Time domain rate matching.
Observation 9: One option to support CSI-RS configuration within the DRS is to define time domain rate matching for PDSCH carrying RMSI. 
Proposal 6: Support dynamic symbol-level rate-matching for PDSCH scrambled with SI-RNTI in DRS. 
CSI-RS for tracking, i.e. TRS, can be considered as potential CSI-RS configuration used in the DRS. Assuming one-slot TRS (in FR1 TRS occupies two slots) the following characteristics are applied:
· the time-domain locations of the two CSI-RS resources in a slot as defined by higher layer parameter CSIRS-resourceMapping, is given by one of
· l ϵ{4,8}, l ϵ{5,9} or l ϵ{6,10} for frequency range 1
· the bandwidth of the CSI-RS resource for TRS is the minimum of 52 and BWP bandwidth size resource blocks, or the BWP bandwidth size
There is then the following issue with multiplexing TRS in the DRS:
· Time domain locations of the CSI-RS resource overlap SSB position leaving only max 28 resource blocks for TRS (in the case SSBs are in the edge of the subband, otherwise even less)
One option could be to define new time domain locations for the CSI-RS resources for TRS. For instance in case of full-slot DRS TRS could be mapped around second SSB in the slot l ϵ{7,12} or l ϵ{8,13} depending on SSB location in the slot. 
Observation 10: TRS could be mapped around second SSB in the slot l ϵ{7,12} or l ϵ{8,13} depending on SSB location in the slot.
Proposal 7: Consider new time domain locations for TRS symbols within a slot carrying DRS, e.g. around first and/or second SSB.  
On default PDSCH allocation table
In Rel15, a default PDSCH time domain allocation A is used for SSB and CORESET#0 multiplexing pattern 1, see [Table 5.1.2.1.1-2 in 3GPP TS 38.214]. It’s observed that the allocation table does not support allocating PDSCH in the second half-slot as would be beneficial together with Alternative 2 (Type0-PDCCH monitoring occasion and SSB mapping pattern) in NR-U. In general, to support half-slot and full-slot RMSI-PDSCH allocation assuming one- and two-symbol CORESET#0 with start symbols #0 and #7 and potentially to provide one-symbol LBT gap in the end of the DRS the following S and L value pairs should be supported for RMSI-PDSCH time domain allocation:
· S = 1, L = 6 (existing Type A)
· S = 1, L = 5 (one symbol for LBT gap in the end of DRS; new Type B)
· S = 2, L = 5 (existing Type A)
· S = 2, L = 4 (one symbol for LBT gap in the end of DRS; existing Type A)
· S = 1, L = 13 (existing Type A)
· S = 1, L = 12 (one symbol for LBT gap in the end of DRS; new Type A)
· S = 2, L = 12 (existing Type A)
· S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
· S = 8, L = 6 (new Type B)
· S = 8, L = 5 (one symbol LBT gap in the end of DRS; new Type B)
· S = 9, L = 5 (new Type B)
· S = 9, L = 4 (one symbol LBT gap in the end of DRS; existing Type B)
Proposal 8: If also half-slot-based DRS is support, for NR-U introduce new RMSI-PDSCH allocation Table, which supports at least the following new starting symbol S and length L value pairs:
· S = 1, L = 5 (one symbol for LBT gap in the end of DRS; new Type B)
· S = 1, L = 12 (one symbol for LBT gap in the end of DRS, new Type A)
· S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
· S = 8, L = 6 (new Type B)
· S = 8, L = 5 (one symbol LBT gap in the end of DRS; new Type B)
· S = 9, L = 5 (new Type B)
Proposal 9: If only full-slot-based DRS is support, for NR-U introduce new RMSI-PDSCH allocation Table, which supports at least the following new starting symbol S and length L value pairs:
· S = 1, L = 12 (one symbol for LBT gap in the end of DRS, new Type A)
· S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
DRS with duration > 1 ms
In some scenarios, the duration of the DRS burst may exceed 1ms. As according to ETSI harmonized standards, as well as prior agreements made during the NR-U SI, the duration of DRS that can be transmitted with a single Cat2 LBT is limited to 1 ms, with a duty cycle of 5% or less, the case when DRS does not meet these limits requires special attention. Such cases involve at least multi-beam operation with larger number of SSBs.
As discussed in [4], an efficient way of supporting DRS transmission in these cases is firstly rely on Cat 2 LBT within the regulatory limits (i.e. 5% duty cycle, 1 ms maximum duration), and in case that does not suffice, transmit the remaining part of DRS with Cat 4 LBT. In practical terms, this would mean splitting the DRS into two separate configurations, each having independently defined parameters (QCL assumptions, periodicity/offset, etc.) and contents, such that the first configuration applies Cat 2 LBT and the second one uses Cat 4 LBT with e.g. highest channel access priority class. This allows for transmitting the most critical DRS information with Cat 2, while Cat 4 can be used for less important contents (or any contents not fitting into Cat 2 definition). However, the exact DRS contents of each configuration can be up to gNB to decide. Moreover, in case DRS transmission with Cat 2 LBT fails frequently, Cat 4 could be used to provide additional opportunities for DRS transmission.
Proposal 10: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), consider splitting DRS into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 
PRACH
In the following we focus on the following remaining topics:
· PRACH design
· PRACH formats to be supported
PRACH design 
In RAN1#97 the following agreement was made:
	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.



Based on the agreement above considered options include ones that do not fulfil the OCB requirement. On the other hand, the NR-U WID [2] lists the following PRACH related aspects to be specified:
	[bookmark: _Hlk16504329]Detailed objectives of the work item are the following:
According to the outcome of the study item, the NR-U should specify the followings [TR38.889]:
-	Physical layer aspects including [RAN1]:
  …
-	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.




It’s understood that minimum bandwidth requirement given by regulation for the UL signal like PRACH in UE initiated COT is 80 % of Nominal Channel Bandwidth (20 MHz). Thus, as highlighted, new enhanced design of PRACH for NR-U should support bandwidth equal to or greater than 16 MHz. 
Observation 11: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
That means that only the following options in the agreement from RAN1#97 are in the scope:
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139
Proposal 11: The following options are in scope (to meet the OCB requirement as required by the WID)
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139
Regarding comparison between a single long sequence and format made from repetitions in frequency (preferably phase rotations/different cyclic shifts applied for the repetitions) we note that they have comparable performance in terms of miss-detection. A single long sequence may provide a small benefit in CM/PAPR but in general performance characteristics are rather similar. We slightly prefer defining new PRACH format from ZC139 using frequency domain repetitions to be able to use Rel15 sequence length as a basis. 
PRACH Formats to be supported
In NR Rel15 short PRACH preamble formats are having a structure where a CP is followed by repetitions of the sequence without CP in between. The same structure should be the baseline for NR-U as well. NR short PRACH preamble formats and corresponding maximum cell radius are illustrated in Table 3. C0 and C2 are designed for relatively large cells while NR-U is targeting at small cell deployments and thus it would make sense to support only formats A and B in NR-U.    
[bookmark: _Ref7445001]Table 3 NR short PRACH preamble formats where 
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Proposal 12: Support only PRACH formats A and B in NR-U. 



Conclusions
In this contribution, we have discussed details of initial access signals and channels design for NR-U, namely related to DRS and PRACH:
DRS:
Observation 1: DRSs transmitted from different beams should be TDMed. 
Observation 2: The conclusion made in RAN1#97 prevents use of TDMed half-slot DRS transmissions that would provide compact in time allocation for the DRS e.g. when RMSI payload is small. 
Proposal 1: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions).
Observation 3: Only M = ½ provides support for having monitoring occasion in the same slot as associated SSB but with M = ½ only Type0-PDCCH monitoring occasion of the first SSB can be allocated. 
Observation 4: Type0-PDCCH can be supported only for the first SSB of the slot for both one and two-symbol CORESET#0 sizes. 
Observation 5: Only slot-based DRS design can be supported based on the RAN1#97 conclusion.
Observation 6: In slot-based DRS design it would make sense to define SSBs in the slot to have the same QCL assumption to extend SSB coverage. 
Proposal 2: NR-U should also support half-slot-based DRS with transmitted RMSI. If only slot-based DRS is supported, as per current status, SSBs in the same slot have the same QCL assumption. 
Proposal 3: Support Alt2: New SSB positions in a slot
· 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.
Proposal 4: Support rate matching around SSB(s) for PDSCH scheduled with SI-RNTI within a DRS signal.
Observation 7: Wideband DMRS of CORESET#0 PDCCH could be used for channel estimation to receive RMSI-PDSCH.
Observation 8: CORESET#0 PDCCH DMRS could be allocated upon bandwidth of RMSI-PDSCH which may be larger than bandwidth of CORESET#0 (e.g. 51 vs 48 with 30 kHz SCS). 
Proposal 5: At least within DRS, CORESET#0 PDCCH DMRS span over entire sub-band.
Observation 9: One option to support CSI-RS configuration within the DRS is to define time domain rate matching for PDSCH carrying RMSI. 
Proposal 6: Support dynamic symbol-level rate-matching for PDSCH scrambled with SI-RNTI in DRS. 
Observation 10: TRS could be mapped around second SSB in the slot l ϵ{7,12} or l ϵ{8,13} depending on SSB location in the slot.
Proposal 7: Consider new time domain locations for TRS symbols within a slot carrying DRS, e.g. around first and/or second SSB.  
Proposal 8: If also half-slot-based DRS is support, for NR-U introduce new RMSI-PDSCH allocation Table, which supports at least the following new starting symbol S and length L value pairs:
· S = 1, L = 5 (one symbol for LBT gap in the end of DRS; new Type B)
· S = 1, L = 12 (one symbol for LBT gap in the end of DRS, new Type A)
· S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
· S = 8, L = 6 (new Type B)
· S = 8, L = 5 (one symbol LBT gap in the end of DRS; new Type B)
· S = 9, L = 5 (new Type B)
Proposal 9: If only full-slot-based DRS is support, for NR-U introduce new RMSI-PDSCH allocation Table, which supports at least the following new starting symbol S and length L value pairs:
· S = 1, L = 12 (one symbol for LBT gap in the end of DRS, new Type A)
· S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
Proposal 10: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), consider splitting DRS into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 
[bookmark: _GoBack]PRACH:
Observation 11: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 11: The following options are in scope (to meet the OCB requirement as required by the WID)
· 15 kHz SCS
· Single sequence with length of 1151
· 8 repetitions of length 139
· 30 kHz SCS
· Single sequence with length of 571
· 4 repetitions of length 139
Proposal 12: Support only PRACH formats A and B in NR-U. 
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Appendix A
Despite topic being deprioritized by RAN, we think that if time allows it should be discussed:
On RACH slot
Regarding PRACH preamble time domain allocation in NR-U within a RACH slot the following design principles are assumed/required:
· 25 us LBT gap before each RO
· 100 us gap + 25 us LBT between end of DL and second RO in shared COT to qualify as paused COT
· ”Normal FFT” window setting can be used at gNB
· CP extension used to have a 25 us LBT gap
A RACH slot can be located within the gNB acquired shared COT and outside the COT. It’s preferred to have a common RACH slot structure for both. 
Figure 5 illustrates the corresponding design for NR-U PRACH formats A1 and A2 given the above design principles assuming 30 kHz SCS. Whereas Rel15 supports six A1 formats within a slot, in NR-U there would be four NR-U A1 formats and two NR-U A2 formats, respectively, within the slot.
Proposal: Within a PRACH slot, allocate 25 us LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.

[image: ]
Figure 5 NR-U PRACH Format A1 and A2 design within a RACH slot.
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