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Introduction
In RAN1#96bis, #97 and #98 meetings[1,2,3], agreements on initial access signals/channels for NR-U have been made as below.
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:
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. 

Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed

In RAN1#96bis, 97, 98 meetings the following agreements were made for PRACH design

[bookmark: _GoBack]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

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.

Agreement:
· No new PRACH formats are specified for operation in unlicensed spectrum.

This contribution will further discuss the initial access signals/channels and focus on the DRS design and PRACH design in NR-U.
Discussion
2.1 NR-U DRS
SSB
In RAN1#97 meeting, we agreed “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” firstly and tried to make a down-selection between them. But due to no consensus among companies, we made a conclusion that no further online or scheduled offline discussions will be conducted on this topic.






Based on the conclusion, the design for Rel-15 should be reused without any change. For the SSB and CORESET multiplexing pattern 1 in Rel-15, for SSB with index , the UE determines an index of slot  as .  and  are provided by TS 38.213 Tables 13-1. The index for the first symbol of the control resource set in slot  is the first symbol index provided by Tables 13-11. If two SSBs are transmitted within a slot, the first SSB starts at the 3rd symbol and the second SSB starts at the 9th symbol. Accordingly, two associated RMSI CORESETs should be transmitted within the same slot, the first RMSI CORESET must be configured on the 1st symbol and the second RMSI CORESET must be configured on the 2nd symbol. If so, only 1 symbol RMSI CORESET could be supported and only 1 candidate with AL8 could be used. Additional CORESERs would be needed for OSI and RACH procedure. At least two rounds of beam sweeping should be adopt for SSB and RMSI CORESET separately as shown in Fig.1, which will be too restricted in NR-U. As a result of above concerns, we still think we’d better to try again to make a consensus on enhancements in Rel-16. 


Figure 1:  An example of the SSB/RMSI pattern in NR Rel-15
RMSI
In Rel-15, 4bits in MIB are used to configure RMSI CORESET and another 4bits are used to indicate the search space for RMSI PDCCH. With these configurations in MIB, a UE could get to know where to monitor the RMSI PDCCH. However in Rel-16, we find that lots of the design for RMSI CORESET in Rel-15 could not be applied in NR-U, due to the OCB requirement and limited time domain resources for RMSI CORESET. In RAN1 #98 meeting, a proposed solution is to simply reuse the CORESET tables designed for Rel-15 if at least one entry of the table could work. But this solution may waste several bits in MIB, which actually are very limited. For example if only one RMSI CORESET configuration within a table with 16 entries could be utilized in NR-U, we do not need the RMSI CORESET table anymore and do not need to waste 4 bits in MIB to indicate it. 
Observation 1: Some entries of the table for RMSI COREST in Rel-15 could not be utilized in NR-U.
In NR-U, it is beneficial to put a SSB and the associated RMSI within a same slot in TDM pattern. Based on the conclusion made in RAN1 #97, only the first 2 symbols could be utilized to configure RMSI CORESET. Thus, the relationship between a SSB and the associated RMSI CORESET will be limited or could be a fixed one.
Observation 2: The relationship between a SSB and the associated RMSI CORESET will be limited or could be a fixed one.
Proposal 1: 	8bits for RMSI CORESET and search space configurations are not needed in NR-U. For RMSI CORESET, the entries for the table could be reduced. For RMSI search space, the relationship between a SSB and the associated RMSI CORESET could be fixed. 
Rate Matching
In NR, when receiving a PDSCH scheduled with SI-RNTI in PDCCH Type0 common search space, a UE should assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH. In NR-U, SSB and associated RMSI are assumed to be transmitted within a DRS. Considering only a few resources could be utilized within a DRS, whether rate matching for RMSI-PDSCH over SSBs would be beneficial should be reconsidered in NR-U. 
Here, we list two options as below.
Option1. SSB is in the edge of an initial BWP, RMSI is FDMed with SSB and rate-matching is not needed, as shown in Fig.2.


Figure 2:  SSB is in the edge and rate-matching is not needed
Option2. SSB is in the edge of an initial BWP and rate-matching is needed, as shown in Fig.3.


Figure 3:  SSB is in the edge and rate-matching is needed

In our understanding, option2 is preferable since the limited resources within a DRS could be fully utilized by RMSI. For option1, only 24RBs at 30 kHz could be configured which restricts the available resources in frequency domain for RMSI transmission. Besides, as a new feature in NR-U, more related questions need to be clarified as well. For example, Which SSBs need to be rate matched around, e.g. the associated SSB, the SSBs within a slot, the indicated SSBs or all the candidate SSBs? Whether the SSBs need to be indicated and how to indicate these rate matching resources? 
Proposal 2: 	Rate matching for RMSI-PDSCH over SSBs should be considered in NR-U.
DMRS
In NR, during the initial access procedure, a UE needs to decode several channels, such as the PBCH, PDCCH for RMSI, PDSCH for RMSI, RACH related PDCCH and PDSCH. While decoding a channel, the UE needs to obtain the associated DMRS to estimate the channel. In Rel-15, each channel has its own DMRS design with different time/frequency domain resources and sequences.
In NR-U, basic DL channels for initial access are defined in a DRS. Based on this assumption and consider the QCL relationship, the initial access related channels within a DRS could share a set of DMRS, e.g. the DMRS in PBCH could be used as a part of the DMRS for RMSI PDSCH. 
Proposal 3: 	DMRS sharing among channels within DRS should be considered in NR-U.
RMSI in SCell
In the last meeting, we have made an agreement to support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster. But still two options need to be down selected. 
For Alt.1, UE could implicitly calculate the frequency location of CORESET#0 as the following steps, as shown in Fig 4.
[image: ]
Figure 4:  the frequency location of CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known
(1) Based on RAN4 agreement, there is only one SS raster within a 20MHz band. When a UE find a SSB within a 20MHz band, the UE could infer a SS raster within the same band and calculate an offset between the center of the detected SSB and the SS raster(e.g. offset1).
(2) The UE could assume a reference SSB on the SS raster. The distance between the edge of detected SSB and the edge of reference SSB is offset1 as well.
(3) The UE could calculate the frequency position of CORESET#0 based on the edge of reference SSB and an offset between the reference SSB and the CORESET#0(e.g. offset2). Here, offset 2 could be indicated in the MIB of detected SSB as Rel-15.
In short, UE could use two offset to calculate the frequency position of CORESET#0, i.e. offset 1(distance between the detected SSB and the SS raster which is implicitly known) and offset 2(distance between the reference SSB and the RMSI CORESET which is indicated in MIB). 
For Alt.2, the MIB in SSB will point to the frequency location of the CORESET #0. In this solution, the offset between the detected SSB and the RMSI CORESET needs to be indicated in MIB. Considering the SSB for RRM could be transmitted on any ARFCN with granularity of 15kHz, too many offsets need to be indicated and a large number of bits are needed in MIB. If only 4bits in MIB are used to indicate the offset as Rel-15, the frequency position for SSB need to be restricted. However, this restriction seems to be unnecessary. 
Proposal 4: 	Support alt.1 where the frequency location of CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
In Rel-15, UE assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell and UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the RMSI PDSCH. Here, we have considered the cases where RMSI and SSB not on SS raster are transmitted within a subband in NR-U. It is hard to guarantee that RMSI and SSB for RRM are not overlapped. So whether rate-matching around the SSB for RRM is needed in NR-U when RMSI is transmitted in SCell should be considered accordingly.
Proposal 5: 	For RMSI in SCell, rate-matching around SSB for RRM should be considered accordingly in NR-U.
2.2 NR-U PRACH
PRACH design 
In the last meetings, long sequence and Rel.15 sequence with repetition were two options for fulfilling the OCB requirement for PRACH transmission. In our view, the repetition option is sufficient at least for NRU Rel.16. The PAPR issue can be solved by applying CM reduction technique, e.g. applying cyclic shift on the top of Rel.15 PRACH preamble in frequency domain.  
,
Where  is Rel.15 PRACH preamble in frequency domain with length ,   is the number of ROs in frequency domain for PRACH preamble repetition.  We think in Rel.16, the simplest way is to fix  for 30khz SCS and  for 15khz SCS. The initial cyclic shift can be set to 0, and the cyclic shift value for the other repeated ROs can have a fixed step, e.g. 35 for  and 17 for . Thus, the cyclic shift over the repeated ROs are given by  and . 
Proposal 6: 	Rel.15 PRACH preamble should be used as the base sequence and add cyclic shifts with fixed steps from initial value 0.
Initial RO 
In the example of 30khz, the cyclic shift values  . Here  can be set as the initial RO (i.e. initial RO always has cyclic shift value 0). Thus, we can have four possible initial RO versions, i.e. 
Set 1: ; initial RO=RO#0
Set 2: ; initial RO=RO#1
Set 3: ; initial RO=RO#2
Set 4: ; initial RO=RO#3
This is also depicted in Fig. 5, where S1, S2, S3, S4 are the eventual PRACH preambles generated from the  and the cyclic shift value  of the i-th RO index. Note that the cascaded sequences with different initial RO, e.g. [S1,S2,S3,S4] and [S4,S1,S2,S3] are quasi-orthogonal.
[image: ]
Figure 5:  varying initial RO can increase the multiplexing capacity. In this figure, assume S1 is obtained by the cyclic shift value 0 and the RO associated with cyclic shift value 0 is called initial RO
From the initial RO, we can generate 64 Rel.15 sequences, and then with the initial RO shifting, the multiplexing capacity becomes 4*64 at 30khz SCS and 8*64 at 15khz. The various initial RO index can be associated with different SSB beams.
Observation 3: Multiplexing capacity can be increased by shifting initial RO
Proposal 7: 	SSB to initial RO mapping can be considered 
RA-RNTI for NR-U 
In Rel.15 the RA-RNTI is defined as RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id, where f_id is the RO index. In NRU we can use the initial RO index as f_id.
Proposal 8: 	The initial RO index can be used to calculate RA-RNTI for NRU 

3 Conclusions
In this contribution, considerations on the DRS design and PRACH for NR-U are discussed. The following proposals are made.
Observation 1: Some entries of the table for RMSI COREST in Rel-15 could not be utilized in NR-U.
Observation 2: The relationship between a SSB and the associated RMSI CORESET will be limited or could be a fixed one.
Observation 3: Multiplexing capacity can be increased by shifting initial RO.

Proposal 1: 	8bits for RMSI CORESET and search space configurations are not needed in NR-U. For RMSI CORESET, the entries for the table could be reduced. For RMSI search space, the relationship between a SSB and the associated RMSI CORESET could be fixed. 
Proposal 2: 	Rate matching for RMSI-PDSCH over SSBs should be considered in NR-U.
Proposal 3: 	DMRS sharing among channels within DRS should be considered in NR-U.
Proposal 4: 	Support alt.1 where the frequency location of CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
Proposal 5: 	For RMSI in SCell, rate-matching around SSB for RRM should be considered accordingly in NR-U.
Proposal 6: 	Rel.15 PRACH preamble should be used as the base sequence and add cyclic shifts with fixed steps from initial value 0.
Proposal 7: 	SSB to initial RO mapping can be considered 
Proposal 8: 	The initial RO index can be used to calculate RA-RNTI for NRU 
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