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Introduction 
In this contribution, the following aspects related to the initial access signals/channels are discussed:
· SSB transmission pattern in time
· SSB transmission pattern in frequency
· Type0-PDCCH monitoring slots
· RMSI-PDSCH rate matching around SSBs
· Default PDSCH SLIV table changes
· NR-U channel and SS raster design
· Frequency domain mapping of PRACH preamble(s)
· LBT gap requirement between successive RACH occasions (ROs)
SSB pattern 
The following agreements were made in RAN1#96b
	Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U
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
· 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






SSB transmission pattern in time
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Figure 1: Shows Alt-1, Alt-2 and Alt-3 options from RAN1#96b.

Impact on SIB-1 capacity and range:
RMSI transmission may be repeated within a periodicity of 160ms. The significance of the extra resources also depend on SIB1 size which is unknown at the moment. The maximum SIB1 size is set to 2976 bits in Rel-15. An accurate estimate of RMSI coverage also depends on whether RMSI is rate-matched around SSBs and if not, on channel and SS raster placement. In order to make a rough comparison here we simply subtract 20 PRBs from the total available PRBs. Then we can observe, 
Alt-1: 3 symbols x 51 PRBs – 20 PRBs (SSB) x 3 symbols = 1116 REs + MCS0  1116*2*0.1172  261 bits
Alt-2: 4 symbols x 51 PRBs – 20 PRBs (SSB) x 3 symbols = 1728 REs + MCS0  1728*2*0.1172  405 bits
Alt-3: SIB-1 range is limited by 1-symbol CORESET associated with the second SSB. According to our link budget studies, a 2 symbol, 48 PRB CORESET with AL=16 requires about -8dB SINR for achieving 1% BLER (2x2). Under the same scenario, PBCH with 4 accumulations requires about -12.6 dB SINR for 1% BLER. Therefore we think supporting a 2 symbol CORESET makes more sense from link budget perspective.
Based on the above discussion we think that Alt-2 is beneficial from SIB-1 capacity and range aspect.
Need to change Type-B PDSCH design:
Alt-1: Type B PDSCH with L=4 can be used that is supported in Rel-15. If 1-symbol CORESET can be configured in symbols 0 and 6, Type B PDSCH with L=5 can be accommodated. If 1-symbol CORESET can be configured in symbols 0 and 7, Type B PDSCH with L=6 can be accommodated.
Alt-2, Alt-3: Type B PDSCH with L=5, 6 can be accommodated depending on CORESET lengths of 2 or 1 symbols.
We note that defining additional Type B PDSCH lengths may involve study of DMRS and processing time. As an alternative to that one may consider to apply Type-B PDSCH with L=7 for all cases above. This requires specifying that RMSI is rate-matched around CORESET#0. Note that this UE behaviour is already supported in Rel-15 and can be achieved upon configuration of RateMatchPattern and associated DCI indication. The additional specification effort is required because RRC configuration may not be available during RMSI reception.
Based on the above discussion we think that in terms of requirement to change Type-B PDSCH, there is no difference among the 3 alternatives.
Handling short PUCCH:
Alt-1, Alt-3: Considering 1 OS as gap, a 1 symbol short PUCCH can be accommodated.
Alt-2: uplink transmission cannot be accommodated
We observe that Alt-1, Alt-3 can provide partial support for 1 symbol short PUCCH – this however requires separate CAT-2 LBT for each DRS transmission which is not beneficial from the channel access perspective. Note that a single CAT-2 LBT is the primary and typical use-case for a DRS transmission burst.
LBT gap:
Considering 30 kHz SCS, an OFDM symbol time is approximately 35 us and a CAT-2 LBT time duration is 25 us, so a gap of 1 OS is sufficient for LBT purposes. Generally for all the alternatives SIB-1 transmission duration can be shortened to leave a 1 OS gap at the end of DRS transmission burst to aid LBT for neighbour cells competing for medium access. In the case of Alt-1, however, this requires the CORESET for the second SSB to be placed at symbol #7 if shift granularity is 0.5 slots.
CSI-RS multiplexing:
In terms of multiplexing TRS within DRS, it can be observed from the following figure that Alt-2 allows TDM multiplexing of a wideband TRS (the gap between the two CSI-RS symbols is increased by 1 OS compared to Rel-15 in order to avoid collision with SSB) associated with each SSB within a slot. We note that Alt-1 and Alt-3 allows multiplexing of a single TRS within a slot. Since TRS can be considered as a replacement of LTE CRS used for time-frequency tracking for PDCCH, PDSCH as well as RLM, the limitation due to Alt-1, 3 in terms of TRS multiplexing cannot be overlooked.
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Based on the analysis above, we have the following proposal:
Proposal-1: Consider Alt-2 for new SSB positions in a slot. SSB symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot. 

 2. 2 SSB transmission pattern in frequency

There has been a few motivations put forward for introducing SSBs multiplexed in FDM manner – a) coverage improvement and b) meeting OCB requirements. 
With regards to a) we note that allowing intra-DRS accumulation and soft-combining in time-domain is a tool that can be used for the same purpose. Also it is not clear how these FDM-ed SSBs will be placed on the SS raster. Typically for initial access, in order to reduce hardware complexity, a major fraction of online processing is performed in the time-domain with a narrow filter used to reduce the processing bandwidth around a SSB and also the sample-rate. Further each raster point can be processed independently for cell-detection purposes. Therefore, FDM of SSB directly affects UE hardware complexity and such a study of complexity vs coverage is currently not available.

With regards to b) the allowance permitted by regulations in terms of meeting OCB requirements and whether there is specification impact for FDM SSBs can be better discussed in the channel access sub-topic.

Proposal-2: From initial access point of view it is pre-mature to introduce multiple SSB locations in frequency with repetition
Type 0 PDCCH monitoring slots
In this section we consider Type-0 PDCCH monitoring slots. In Rel-15, the general philosophy for RAN2 has been to provide a large SIB1 size to enable lower latency for cell access. In Rel-15, CORESET#0 is monitored in 2 slots. In the current NR-U design, if Q=4, RMSI allocation space is going to be limited to less than 0.5 slot reducing RMSI resources significantly. We can observe that in NR-U, there will be certain configurations where RMSI transmission is limited to the same slot as the associated SSB (as shown in Figure 3). However, there can be other configurations where RMSI can be transmitted in 2 consecutive slots as shown in Figure 4 (similar behaviour as Rel-15). Therefore we propose:

Proposal-3: Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15).

	
Q=4, RMSI can span 5 symbols
	
Q=4 but gNB transmitting 2 beams only, RMSI can span 12 symbols


[bookmark: _Ref4767885]Figure 2: Example of Type 0 PDCCH monitoring in the same slot as SSB

	
Q=2, RMSI can span 5 symbols
	
Q=1, RMSI can span 12 symbols


[bookmark: _Ref4767950]Figure 3: Example of Type 0 PDCCH monitoring in two consecutive slots including the same slot as SSB
RMSI-PDSCH rate matching around SSBs 




[bookmark: _Ref4768556]Figure 4: NR channel raster is 30 kHz which does not allow exactly 20 MHz channel spacing. NR SS raster is 1.44 MHz that does not allow placement of SSB coinciding with BWP edge for all channels.

RMSI-PDSCH resource allocation in Rel-15 is limited to Type 1 where start-RB and a number of RBs is signalled. This helps to maintain a compact DCI size. A consequence of this is that in order to maximize the resource for RMSI, SSBs should be placed as close to the initial BWP edge as possible [3]. However, the exact placement of SSB within the initial BWP depends on the channel raster and the SS raster which is not yet determined for NR-U operation (see also section 6).
As a hypothesis, we can consider the channels in 5 GHz unlicensed band as defined in LTE (36.104) – a large fraction of them are spaced 20 MHz apart as shown in Figure 5. Then we can consider the NR 1.44 MHz SS raster to determine SSB placement. Our studies show that depending on the exact channel configuration there may be a gap of up to 4 PRBs between the SSB edge and the BWP edge. This is intuitive because 1.44 MHz corresponds to 4 PRBs (@ 30 kHz SCS). The gap increases if the SS raster is sub-sampled.
Proposal-4: Consider RMSI rate-matching around SSBs to allow more flexibility for NR-U channel raster and SS raster design. 

Default PDSCH SLIV table


[bookmark: _Ref4681512]Figure 5: Type B RMSI resource allocation with S=0, 7 and L=7. RMSI is rate-matched around CORESET

Based on the intention of supporting multiple SSB beams within a slot, we consider Type B time-domain resource allocation for RMSI starting at symbols 0 and 7 as shown in Figure 6. This can allow full utilization of the half-slot available for RMSI transmission. Note that the associated DMRS is shifted to the first symbol after the CORESET due to overlap. This mechanism is already supported in Rel-15. 

Accordingly a default time-domain resource allocation table can be modified to introduce Type B PDSCH starting at symbols 0 and 7 and of length 7 as shown below:

Table 1: Default PDSCH modifications
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	TBD
	2,3
	Type B
	0
	7
	7

	TBD
	2,3
	Type B
	0
	0 
	7



Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.
[bookmark: _Ref7782504]On NR-U channel and SS raster design

	Agreement (RAN1#95):
Capture the following in the TR
------------------------------------------ Start of Text Proposal ----------------------------------------------
For wideband operation for both DL and UL,
· Bandwidth larger than 20 MHz can be supported with multiple serving cells.
· 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
For UL 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 PUSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 
-------------------------------------------- End of Text Proposal ---------------------------------------------
Agreement (RAN1#AH1901):
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.




Agreements made in RAN1#AH1901 and RAN1#95 (see above) on wideband operation show that for DL, a single BWP that is a multiple of 20 MHz can be activated at a UE and PDSCH transmission may occur on parts or whole of the active BWP. This is, in addition to CA operation comprising of several 20 MHz active BWPs. 
Due to limited flexibility in channel arrangement that is possible in unlicensed band in order to allow coexistence with WiFi and legacy LTE and 20 MHz being the minimum LBT sub-band, it is desirable to define a SS raster for NR-U that is coarser than the NR SS raster (1.44 MHz). This is also beneficial to reduce search complexity at the UE for SA operation.
Based on the above discussion, we think:
· It is desirable that for NR-U a channel raster is defined that supports both CA operation with multiple BWP and wideband operation with single BWP. A clean way to achieve this is to consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid (Figure 6). This allows aggregation of consecutive 20 MHz RF channels to define a single 40 MHz (as an example) BWP for wideband operation. This also allows usage of a single FFT for contiguous CA operation.

· It is desirable to define a sparser SS raster for NR-U due to the limited flexibility in channel placement – for example, a SS reference frequency every 20 MHz may be sufficient to allow both CA and wideband operation.


 
[bookmark: _Ref7795249]Figure 6: PRB grid alignment to allow wideband operation with single BWP

Proposal-6: Consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid
Proposal-7: Consider SS raster frequencies for NR-U that are sparser than NR (e.g. one every 20 MHz) due to the limited flexibility in channel placement in unlicensed band
Enhancements to PRACH design for NR-unlicensed
In TR38.889 [2], the following was agreed as the guideline to be followed in designing PRACH sequence length for NR-unlicensed operation:

NR short PRACH formats (L = 139) satisfy temporal 2 MHz OCB requirement in the legacy NR form, whereas except format 3, no other long PRACH format (formats 0/1/2 with L = 839) meets the 2 MHz minimum OCB requirement. Since the usage of unlicensed spectrum has been primarily targeted for small to normal cell scenarios due to the limited maximum transmission power by regulations, it is to be further studied to determine whether the support of long PRACH formats (which are mainly intended for coverage enhancement or high speed use cases) is essential for NR-unlicensed. Also, from the perspective of multiplexing various uplink channels, short PRACH would be more preferable than long PRACH, owing to its support of SCS which is identical to other physical channels (PUCCH/PUSCH). Therefore, we propose to support only NR short PRACH formats as the baseline for NR-unlicensed spectrum.Support for Rel-15 NR PRACH formats can be considered, however, not necessarily all Release 15 NR PRACH formats are applicable to NR-U. It is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation. Exclusion of the support of certain formats is to be identified.
It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.

Proposal-8: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Frequency domain mapping of PRACH preambles
In the last RAN1 meeting [4], the following agreements were made regarding the candidate schemes for frequency domain PRACH mapping  
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

In order to support Alt-2, different sequence lengths are to be supported (Alt 2.1 and also designed for Alt. 2.2) in the specification depending on the subcarrier spacing for PRACH transmission (to meet OCB related regulatory requirement) and other factors (e.g. to boost PRACH transmit power in coverage limited scenarios). Also, support of Alt 2 requires significant modification of prachConfigIndex Table which currently supports only two different PRACH sequence lengths, without any reserved bits in the 8-bit indication of prachConfigIndex.
On the other hand, support of Alt-1 has potentially less impact on the specification.  The same length-139 NR short PRACH sequence can be used, with some additional configurations (e.g. number of repetitions, phase rotations applied on each repetition etc.) without any change in the existing NR prachConfigIndex Table.
For Alt-1, legacy NR PRACH sequence of length 139 can be mapped to contiguous subcarriers, with repetitions in frequency and without any guard band in between the repetitions. The number of repetitions can be chosen from a pre-defined set of allowed number of repetitions depending on regulatory requirements and/or network configuration depending on deployment scenario.
While mapping L-139 PRACH sequence repeatedly across contiguous subcarriers, pure repetition is not desirable since it would incur high CM, as can be seen from Fig. 7. Compared to pure repetition (i.e. phase rotation values set to all 1’s], judicious choice of a set of phase rotations applied on repetitions can potentially reduce the CM by ~ 7 dB for 15 KHz SCS and ~2.5 dB for 30 KHz SCS, as can be seen from Fig. 7.
[image: ] [image: ]
Figure 7. CCDF of CM (95th percentile) for Alt-1 with different sets of phase rotations applied on repetitions

Based on the above discussion, we propose to enhance legacy NR PRACH structure by repeated allocation of “n” PRACH preambles across frequency on contiguous subcarriers. In particular, NR short PRACH sequence (L=139) can be repeatedly mapped across contiguous PRBs, while applying different phase rotations on each repetitions to keep the PAPR/CM low. The repetitions should be constrained to be contiguous in frequency, since non-contiguous mapping with unused PRBs in between repetitions may potentially worsen in-band emission and in turn, PA back-off which would limit the performance (in terms of MCL).

Proposal-9: Support enhancement of legacy NR short PRACH structure by mapping length-139 NR PRACH sequence to contiguous subcarriers, with contiguous repetitions in frequency without any guard bands in between the repetitions (i.e. Alt-1).
· Different phase rotations are applied on the repetitions.

LBT gap requirement between successive NR RACH occasions (ROs) 
In NR Rel-15 RO configuration (which can be derived from PRACH configuration table based on higher layer parameter prach-ConfigurationIndex), back-to-back ROs can be configured without any gap between successive PRACH transmissions, if adjacent ROs are used. In unlicensed domain, due to LBT requirement before preamble transmission, a UE configured with RO(i) may get blocked by another UE’s preamble transmission in RO(i-1) if the Rel-15 RO configuration is used. In order to alleviate this potential blockage, insertion of additional time gap before ROs would be beneficial for NR-unlicensed operation.

LBT gap before ROs can be created in a number of ways:

Option -1 

A scaling factor and/or offset can be configured by higher layers as a part of PRACH configuration to indicate a subset of ROs within a RACH slot that will be ‘deactivated’. While the scaling factor can indicate what fraction of the existing ROs indicated by prach-ConfigurationIndex will be deactivated and the offset will indicate the starting RO that will be ‘deactivated’ first in a RACH slot. For example, PRCH format A1 can have 6 ROs within a RACH slot. With scaling factor = 1/2  and offset = 1, ROs #1, #3 and #5 will be deactivated, as shown in Fig. 8.




Figure 8. Time gap between successive ROs (odd indexed ROs are deactivated within a slot)


Option -2

[bookmark: _GoBack]An offset (e.g.  symbols) can be configured by higher layers as a part of PRACH configuration to indicate the time gap between successive ROs and RO() will be shifted by x symbols within a RACH slot (, where the first RO within a RACH slot is indexed as RO(0)). An example of shifted RO is illustrated in Fig. 9 for PRACH preamble format A1 with 6 ROs in a RACH slot and configured offset  symbol.



Figure 9. Time gap between successive ROs (ROs shifted by a fixed offset)


Proposal-10: Introduce LBT gap between neighbouring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.

Conclusion
In this contribution, we made the following proposals/observations: 
Proposal-1: Consider Alt-2 for new SSB positions in a slot. SSB symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot 
Proposal-2: From initial access point of view it is pre-mature to introduce multiple SSB locations in frequency with repetition
Proposal-3: Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15).
Proposal-4: Consider RMSI rate-matching around SSBs to allow more flexibility for NR-U channel raster and SS raster design. 
Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.
Proposal-6: Consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid
Proposal-7: Consider SS raster frequencies for NR-U that are sparser than NR due to the limited flexibility in channel placement in unlicensed band

Proposal-8: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Proposal-9: Support enhancement of legacy NR short PRACH structure by mapping length-139 NR PRACH sequence to contiguous subcarriers, with contiguous repetitions in frequency without any guard bands in between the repetitions (i.e. Alt-1).
· Different phase rotations are applied on the repetitions.
Proposal-10: Introduce LBT gap between neighboring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.
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