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1. Introduction

In RAN1#96bis meetings [1], the following agreements and conclusion were made related to initial access signals and channels for NR-U.
	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
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 this contribution, we discuss DRS and RACH designs for NR-U operation.
2. DRS design
2.1. SS/PBCH block time pattern and Type0-PDCCH
In RAN1#96bis meeting, the following three alternatives were agreed for SS/PBCH time pattern and Type0-PDCCH.

· 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

No specification impact is foreseen for SSB positions in a slot for Alts 1 and 3 since SSB positions in a slot for Alts 1 and 3 are the same as Cases A and C in Rel-15 NR. Even though SSB positions in a slot for Alt 2 may have the advantage of simple UE implementation based on half-slot level symmetric structure, a UE is required to implement two different behaviours for SS/PBCH reception when the UE is connected to licensed carrier in addition to unlicensed carrier. Therefore, Alt 2 is not preferred.
The main difference between Alts 1 and 3 is whether 2-symbol CORESET#0 is supported for 2nd SSB in a slot or not. Considering that CORESET#0 can be used to schedule DCI scrambled by P-RNTI, C-RNTI, and so on other than SI-RNTI, it would be more beneficial to provide a gNB’s flexibility to be able to configure 2-symbol CORESEST also for 2nd SSB in a slot. Therefore, Alt 1 is more preferable than Alt 3.

For Alt 1, on the configurability between symbol#6 and symbol#7 for 1-symbol CORESET#0, as shown in Figure 1, the configurability seems necessary to make the duration of two RMSI PDSCHs in a slot constant not only for the case of whole slot occupation (as shown in Figure 1(a)) but also for the case of 2-symbol LBT gap at the end of a slot (as shown in Figure 1(b)).
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Figure 1. Examples of RMSI transmission: (a) CORESET#0 at symbol#7 for 2nd SSB in a slot and (b) CORESET#0 at symbol#6 for 2nd SSB in a slot

Proposal #1: For NR-U, the following alternative is adopted for SS/PBCH time pattern and Type0-PDCCH, as shown in Figure 2.
· 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

· Support configurability between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
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Figure 2. Examples of SS/PBCH block position and corresponding Type0-PDCCH monitoring occasions: (a) 1-symbol CORESET and (b) 2-symbol CORESET
2.2. RMSI PDSCH

In Rel-15 NR, when UE receives RMSI PDSCH, UE does not assume that the allocated time/frequency domain resource for RMSI PDSCH is overlapped with any other signal/channel. On the other hand, for NR-U, RMSI PDSCH can be transmitted with associated SS/PBCH block in the same slot to satisfy OCB regulatory requirement and to fill the gap between SS/PBCH block bursts. As shown in Figure 3(a), RMSI PDSCH can be TDM/FDMed with associated SS/PBCH block. In addition, as shown in Figure 3(b), for the purpose of increasing the reliability of RMSI PDSCH, RMSI PDSCH can be transmitted spanning almost whole slot. Therefore, a mechanism can be necessary for a UE to recognize which SS/PBCH block in a slot is transmitted or not transmitted, as follows.
· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
·  Ex1) 2 bit bitmap to indicate whether each SS/PBCH block in a slot is transmitted or not
·  Ex2) Indication of whether RBs occupied by SS/PBCH block but not overlapped with SS/PBCH block in time domain (e.g., shaded region in Figure 3(a)) are mapped to RMSI PDSCH or not

· Option 2: Implicit indication of rate-matching information for RMSI PDSCH

·  Ex1) If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted.

·  Ex2) If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
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Figure 3. Examples of SS/PBCH block position and corresponding RMSI PDCCH and RMSI PDSCH
Proposal #2: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
·  If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted. If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
In Rel-15 NR, the default table for the time domain resource allocation for RMSI PDSCH is predefined in the specification. This is because UE needs to receive RMSI PDSCH successfully before RRC connection is established. However, considering NR-U specific features such as LBT operation, it could be necessary to substitute some entries in the default table. When RMSI PDCCH corresponding to SS/PBCH block #n+1 is transmitted in symbol 6 with 1-symbol CORESET as in Figure 2, the time domain resource allocation for RMSI PDSCH mapping type B starting from symbol 7 and having 5 or 6 symbol duration seems necessary to make LBT gap for other cell’s DRS transmission. Also, when RMSI PDCCH corresponding to SS/PBCH block #n+1 is transmitted from symbol 6 with 2-symbol CORESET (or symbol 7 with 1-symbol CORESET) as in Figure 2, the time domain resource allocation for RMSI PDSCH mapping type B starting from symbol 8 and having 5 or 6 symbol duration can be considered.
Proposal #3: For NR-U, consider to change some of entries in the default table for the time domain resource allocation for RMSI PDSCH. Details on the change can be discussed after determining SS/PBCH time pattern and Type0-PDCCH monitoring occasion.
2.3. Synchronization raster

The synchronization raster indicates the frequency positions of the SS/PBCH block that can be used by the UE for system acquisition. The following approaches can be considered for unlicensed band.

· Approach 1: As in Rel-15 NR (i.e., synchronization raster with the interval of 1.44 MHz, [2])

· Approach 2: Sparser than synchronization raster in Rel-15 NR (e.g., synchronization raster with the interval of 2.88 MHz)

· Approach 3: As in Rel-13 LTE LAA (i.e., Wi-Fi center frequency + {0, ±100, ±200} kHz, [3])
In addition, it can be taken into account how to indicate CORESET #0 frequency domain resource and no RMSI, considering agreed CORESET #0 BW (i.e., 48 RBs for 30kHz SCS and 96 RBs for 15kHz SCS), alignment with Wi-Fi channelization, and wide-band operation.
Proposal #4: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

3. PRACH design

3.1. PRACH preamble structure
· Frequency domain mapping
In RAN1 #96bis meeting, it was agreed to only consider following two alternatives for NR-U PRACH preamble structure in terms of frequency domain sequence mapping:

· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
Regarding the first alternatives, i.e., F-domain PRACH sequence repetition, it is needed to decide how many sequences are repeated/mapped for a single PRACH preamble: only two sequences [4, 5, 6, 7] or more than two sequences (e.g. four sequences in case of 30 kHz SCS) [8, 9]. 

First of all, in our contribution [10], evaluation results of F-domain PRACH sequence repetition compare to Rel-15 NR PRACH mapping in case of 30 kHz SCS are provided. According to the contribution, as expected, both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide much better MCL and miss-detection performance than the legacy Rel-15 NR PRACH mapping. Also, both two sequence repetition and four sequence repetition could provide reliable timing estimation performance comparable with the legacy Rel-15 NR PRACH mapping. Meanwhile, even though two sequence repetition uses less transmit power and less frequency resources than four sequence repetition, almost same MCL could be obtained by the two approaches (i.e., 128.4 dB by two sequence repetition and 128.621 dB by four sequence repetition).
Moreover, the F-domain repetition of two PRACH sequences could be sufficient to satisfy the OCB requirement, regardless of PRACH SCS as shown in the Figure 4. To be specific, especially for 15 kHz SCS, two ROs can be supported as shown in Figure 4 (a) where two sequences for RO #1 are mapped to the first 12-PRBs and the second last 12-PRBs while two sequences for RO #2 are mapped to the second 12-PRBs and the last 12-PRBs. With this mapping, occupied BW of single RO (i.e., 94 PRBs = 16920 kHz) could be large enough than 80% of LBT sub-band BW (i.e., 20 MHz * 0.8 = 16000 kHz).

[image: image6.emf]12 RBs 12 RBs

RO#1

106 PRBs = 19080 kHz

RO#2

12 RBs 12 RBs

94 PRBs = 16920 kHz

94 PRBs = 16920 kHz

(a) 15 kHz SCS


[image: image7.emf]12 RBs

RO#1

51 PRBs = 18360 kHz

12 RBs

(b) 30 kHz SCS


Figure 4. Example of F-domain PRACH sequence repetition mapping within LBT sub-band
In addition, the two sequence repetition could be multiplexed (i.e., FDMed) with legacy Rel-15 NR PUSCH/PUCCH/PRACH in frequency domain. If two PRACH sequences are mapped only on the edges of LBT sub-band as shown in Figure 4, Rel-15 NR PUSCH/PUCCH/PRACH could be allocated/transmitted in the middle of the two PRACH sequences. In conclusion, it is desirable to support the F-domain repetition of two PRACH sequences as PRACH preamble structure for NR-U.

Proposal #5: Support frequency domain repetition of two PRACH sequences as PRACH preamble structure for NR-U.
Regarding the second alternative, i.e., single long PRACH sequence with contiguous mapping, on the other hand, has many disadvantages compare to the first alternative as follows.

First of all, lots of specification works are required to support single long PRACH sequence with contiguous mapping. To be specific, if single long PRACH sequence is supported, new PRACH sequence with new sequence length needs to be introduced, and if it is introduced (even if it is a ZC sequence), appropriate root indexes should be evaluated (and ordered) and proper CS values should also be determined. If the sequence with new length is not a ZC sequence, additional specification works would be required on top of the above. Moreover, if single long PRACH sequence is introduced, different length of PRACH sequences needs be defined according to PRACH SCS in order to satisfy OCB requirement.

In addition, the RACH occasion (RO) sharing with legacy Rel-15 NR PRACH sequence would be impossible in case with the single long PRACH sequence with contiguous mapping due to difference of sequence length. On the other hand, sharing RO with legacy Rel-15 NR PRACH would be possible in case with F-domain PRACH sequence repetition since the same ZC sequence as in legacy Rel-15 NR PRACH are reused for the F-domain repetition. 
Moreover, in case with the single long PRACH sequence with contiguous mapping, the number of ROs would be limited to only one because it has to occupy more than 80% of LBT sub-band BW for OCB requirement. On the other hand, as shown in Figure 4, the F-domain repetition of two PRACH sequences could provide up to two ROs in case of 15 kHz SCS. In addition, as noted already, F-domain repetition of two PRACH sequences could support FDM multiplexing with legacy Rel-15 NR PUSCH/PUCCH/PRACH, while the single long PRACH sequence with contiguous mapping cannot multiplex with legacy Rel-15 NR PUSCH/PUCCH/PRACH in frequency domain. For these reasons, the single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.

Observation #1: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
· Time domain allocation
Regarding PRACH preamble format for NR-U, in order to ensure the time slot used for LBT operation at UE side, it may be required to insert CCA gap between adjacent RACH occasions (ROs) in time domain where FFS on the duration of CCA gap for PRACH transmission (e.g. X usec or Y symbol). In addition, to avoid inter-UE LBT blocking due to the propagation delay of PRACH (transmitted in an earlier RO), it may be required to add GP (Guard Period) after the preamble part where length of the GP may need to be the same with CP length considering the channel delay spread. For example, (as shown in Figure 5) the NR-U PRACH format could be formed as {CCA gap + CP + preamble part + GP} or {CP + preamble part + GP + CCA gap}, where FFS on time domain alignment of the PRACH format (e.g. with symbol level or with half-symbol level). 

Proposal #6: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 

·  Length of the GP is the same with CP length
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Figure 5. Example of PRACH preamble format for NR-U (with TDM allocation)
Regarding the CCA gap in the above, it is necessary to consider LBT type (e.g. Cat-4 LBT with variable CWS) applied for PRACH transmission. For an example, considering the channel access priority class defined for PRACH transmission, the CCA gap between adjacent ROs can be configured as {16+9*mp} usec in RACH slots, where the value of mp is determined according to the channel access priority class defined for PRACH. For another example, considering variable CWS in case of Cat-4 LBT based PRACH transmission, the CCA gap between adjacent ROs can be configured with different size across RACH slots, so that the UE can select the appropriate RACH slot according to its current CWS (or back-off counter) value.

Proposal #7: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

3.2. PRACH preamble format
In Rel-15 NR PRACH, two ZC sequences are used for PRACH preamble formats: length-839 ZC sequence and length-139 ZC sequence. To be specific, length-839 ZC sequence is used for preamble format 0, 1, 2, and 3 while length-139 ZC sequence is used for preamble format A1, A2, A3, B1, B2, B3, B4, C0, and C2, as shown in Table 1. 

Table 1. Preamble formats for Rel-15 NR PRACH where μ ∈ {0, 1, 2, 3} and κ = 64.
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Since small cell deployment is usually considered in NR-U, it is desirable to consider the preamble formats with short CP length, such as preamble format type A (i.e., A1, A2, and A3) and type B (i.e., B1, B2, B3, and B4). Regarding the preamble format type B, it has implicit guard period after the PRACH symbols with consideration of TDM multiplexing with other UL channels (e.g. PUSCH). However, if CCA gap between ROs (and/or after the last RO) within RACH slot is introduced in NR-U, it seems to be unclear whether the implicit guard period within PRACH duration would still be necessary. Therefore, whether to introduce the preamble formats B1, B2, B3, and B4 for NR-U needs further study.

In conclusion, at least the preamble formats A1, A2, and A3 should be supported in NR-U. To be more specific, the CP length, the symbol length, and the number of symbols of preamble formats A1, A2, and A3, respectively, should be reused in NR-U. Furthermore, after deciding the details/operations related to the CCA gap within RACH slot, determination of the number of ROs within a RACH slot for each preamble formats could be decided, and finally we could discuss on how to make PRACH configuration for NR-U based on those.

Proposal #8: Rel-15 NR PRACH preamble formats A1, A2, and A3 in terms of CP length, symbol length, and the number of symbols are reused for NR-U. 

4. Conclusion
In this contribution, we provided our views on DRS and RACH designs for NR-U operation, and proposals and observations are as follows.
Proposal #1: For NR-U, the following alternative is adopted for SS/PBCH time pattern and Type0-PDCCH.

· 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

· Support configurability between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot

Proposal #2: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
·  If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted. If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
Proposal #3: For NR-U, consider to change some of entries in the default table for the time domain resource allocation for RMSI PDSCH. Details on the change can be discussed after determining SS/PBCH time pattern and Type0-PDCCH monitoring occasion.
Proposal #4: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

Proposal #5: Support frequency domain repetition of two PRACH sequences as PRACH preamble structure for NR-U.

Observation #1: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.

Proposal #6: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 
·  Length of the GP is the same with CP length
Proposal #7: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

Proposal #8: Rel-15 NR PRACH preamble formats A1, A2, and A3 in terms of CP length, symbol length, and the number of symbols are reused for NR-U.
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