3GPP TSG RAN WG1 #104-e	R1-2100051
e-Meeting, January 25th – February 5th, 2021
Agenda Item:	8.2.1
Source:	FUTUREWEI
Title:	Considerations on initial channel access in beyond 52.6GHz
Document for:	Discussion/Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN # 90 the extensions to WI [1] for NR operation up to 71GHz were approved. According to [1] new numerologies (480 kHz, 960 kHz) will be supported (section 4.1) and their possible design impact will be considered:
· [bookmark: _Hlk58583563]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· [bookmark: _Hlk60948532]Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
The basic principles that guide us in B52.6GHz design are:
1) Simplicity, do not introduce unnecessary design options; use a common design for additional SCS;
2) Reuse as much as possible the existing 5-6GHz NR-U design for 60 GHz shared spectrum 
3) Reuse as much as possible the existing FR2 design 
Based on the above principles, the potential issues and solutions for initial channel access are discussed, including the PRACH design aspects.
Initial Access 
The initial access comprises several steps such as synchronization, acquiring system information, random access that require specification of SS/PBCH block (SSB), CORESET 0, PDCCH for SIB1 and PRACH.
Consideration on SCS, SS/PBCH and CORESET#0 design for initial access
In NR-U, the SS/PBCH block supports 15 kHz (SCell and SpCell) or 30 kHz SCS (Pcell and SCell), and the same subcarrier spacing must be used for CORESET#0 in the initial BWP. TS 38.211, clause 7.4.3 and TS 38.213, clause 4.1, define the SS/PBCH block Case A for 15 kHz and respectively Case C for 30kHz SCS SS/PBCH. 
For the operation in unlicensed bands the SS/PBCH block transmission cannot be fixed with respect to the frame start time as in the licensed band due to possibly LBT failure or random duration. Therefore, it is beneficial to define the discovery burst, and during this discovery burst to constraint that SS/PBCH transmissions are QCLed with respect to average gain, QCL-TypeA, and QCL-TypeD properties. The rationale for this is to allow if there is an LBT failure, to transmit SSB during the same discovery burst to the same direction later when the LBT is successful. 
Discovery burst, defined in TS 37.213, refers to a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. Specifically, it contains transmission(s) initiated by a gNB that includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS). In NR-U design depending on the discovery burst duration (< or > 1ms) it may or may not require the LBT procedure.  
We propose reusing the NR-U approach, TS 38.213, Clause 4.1, to the shared spectrum initial access in 60 GHz bad, which leads us to the following proposal:
Proposal 1: In 60 GHz shared spectrum, support SS/PBCH across discovery burst transmission windows that are quasi co-located with respect to average gain, QCL-Type A, and QCL-Type D properties.
The PBCH carries Master Information Block (MIB), which contains information about the Subcarrier spacing for SIB1 acquisition, Msg.2/4 for initial access, paging and broadcast SI-messages. FR1 and FR2 and NR-U uses the MIB with same structure. Because NR-U uses the same SCS for SS/PBCH block and CORESET#0 in the initial BWP, the 1-bit field of subCarrierSpacingCommon indicating subcarrier spacing for SIB1 in MIB is not necessary. For shared spectrum this MIB field instead is used for deriving the QCL relationship between SS/PBCH blocks in a serving cell as specified [38.213, Clause 4.1], which allows implementation of the previous proposal. Therefore, we suggest reusing the same solution as in NR-U:
Proposal 2: The SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same for operation in 60GHz shared spectrum.
The Beyond 52.6 GHz WID specifies the support of SCS 120 kHz for SSB and for initial access related channels and signals. The SCS of 120 kHz corresponds to  numerology, and a symbol duration of 8.92 .
The EN 302.567 specifies the mandatory the Listen Before Talk (LBT) procedure prior to channel access in 60 GHz shared spectrum. Before a single transmission or a burst of transmissions a device shall perform Clear Channel Assessment (CCA) using energy sensing. Upon observing the channel unoccupied for 8us, the device should defer its transmission for minimum number (0 to Max number) of empty 5us slots periods, no less than 3 slots i.e. a minimum of 23 us LBT duration.
FR2 numerologies, and channel conditions are the closest with Beyond 52.6GHz propagation and channel conditions, therefore it is a good starting point to consider reusing the existing FR2 designs for SS/PBCH blocks time distributions.
TS 38.211, clause 7.4.3 and TS 38.213, clause 4.1, define the SS/PBCH block type B for , which corresponds to SCS 120 kHz and 240 kHz (both supported in FR2) and respectively the time allocations as:
“Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .
Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, n=0,1,2,3,5,6,7,8.”
We observe that neither Case D nor Case E may accommodate a CCA procedure before each of SS/PBCH candidates. The Case D time distribution of SS/PBCH candidates has 4 symbols (35.7us) between every two consecutive SS/PBCH blocks, which may accommodate a minimum LBT duration procedure (23us) including the beam switching duration, before two SS/PBCH blocks. The case E allows a minimum duration CCA (six symbols) that can be executed only before four consecutive SS/PBCH blocks. Each of the time distributions (existing Case D, E) support a maximum of 64 SS/PBCH opportunities. 
Proposal 3: For 60GHz shared spectrum, consider the support of 120kHz SCS for SS/PBCH (Case D) with necessary changes for LBT opportunities between consecutive SS/PBCH blocks.
[bookmark: _Hlk61522698]The SS/PBCH and CORESET#0 multiplexing patterns are defined in TS 38.213. Pattern 2 and Pattern 3 were defined for CORESET#0 bandwidth not overlapping SS/PBCH bandwidth (FDM). Where Pattern 3 supports the same numerology of SS/PBCH block and CORESET#0. For SSB and CORESET multiplexing pattern 1 (TDM), SIB1 repetition transmission period is 20ms. For SSB and CORESET multiplexing patterns 2 and 3, SIB1 transmission repetition period is the same as the SSB period (TS 38.213, clause 13). 
In order to reduce the gap between SS/PBCH and Type-0 PDCCH thus to avoid un unnecessary LBT it would be beneficial to have SS/PBCH block and Type-0 PDCCH in the same slot.
Proposal 4: Support a configuration of SS/PBCH and Type-0 PDCCH multiplexed in the same slot using the same QCL.
Proposal 4 and Proposal 2 implies the following proposal:
Proposal 5: Support SSB and CORESET#0 multiplexing pattern 1 (different slots), and pattern 3 (same slots).
Proposal 6: Support a configuration where the PDSCH scheduled by Type-0 PDCCH can be rate-matched around the corresponding SSBs.

[bookmark: _Ref129681832]Considerations on PRACH design
The beyond 52.6GHz WID mentions:
Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum.
One of the main criteria of design for NR-U PRACH sequences was satisfying the restrictions impose by the regulator on the occupied channel bandwidth (OCB) in addition to providing flexibility for a wide range of cell coverages. 
However, the OCB requirement for 60 GHz unlicensed spectrum is quite different than the OCB requirement for 5GHz unlicensed spectrum, which is presented in ETSI EN 301.893 and reproduced here.
“The Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth… During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz”
The ETSI EN 302.567 specifies that minimum occupied channel bandwidth in 60 GHz shared spectrum should be 70%.  
“The device shall support a mode of transmission with a necessary bandwidth as defined in Radio Regulation 1.152 (Article 1) [i.11] at least 70 % of the declared nominal channel bandwidth.
During the SI, RAN1 interpreted [TR38.808, clause 5.1] the ETSI requirement as follows:
[bookmark: _Hlk61345290]“for each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.”
Observation 1:  With RAN 1 interpretation the OCB restriction does not imply that each of PRACH possible format transmissions should occupied 70% of the nominal channel bandwidth. 

The occupied bandwidth by a specific PRACH sequence length   transmitted with a SCS  in terms of RB SCS of PUSCH is given by the following formula:


	

	
 for PRACH
	
 for PUSCH
	
, allocation expressed in number of RBs for PUSCH
	Bandwidth [MHz]

	139
	120
	120
	12
	16.68

	139
	120
	480
	3
	16.68

	 571
	120
	120
	48
	68.52

	571
	120
	480
	12
	68.52

	1151
	120
	120
	96
	138.12

	1151
	120
	480
	24
	138.12




Table 1, Example of supported combinations of  and 
Observation 2: The number of RBs for PRACH sequences is much lower than the maximum number of RB supported (275) even for largest sequence number (1151). 
The OCB is defined in terms of nominal channel bandwidth while the minimum and maximum channel bandwidth are not yet defined for beyond 52.6 GHz. 
RAN4 proposes in R4-2017832 the values of 50MHz and 400 MHz for minimum channel bandwidth subject to RAN1 discussions.  
We note that 400MHz corresponds to 275 PRB for 120 kHz, a good spectrum usage and supports a larger PRACH sequence as specified in WID. A 50MHz minimum channel bandwidth can support only a short sequence PRACH, and a reduces number of PRBs (34). Therefore, we prefer a minimum channel bandwidth of 400MHz.  This channel bandwidth should also be used as basic frequency bandwidth for LBT (CCA) operation. A 50MHz channel is more compatible with licensed FR2 solutions.
Proposal 7: For 60 GHz shared spectrum, support 400MHz as the default channel bandwidth for the initial channel access and as the default channel bandwidth for the CCA (LBT) operations.
[bookmark: _Hlk61360107]While the OCB requirement for 60GHz is not as stringent as the OCB requirement for 5GHz, the PSD constraint (23dBm/MHz) requires the use of at least 50 MHz for a maximum EIRP of 40 dBm [ETSI EN 302 567].  Therefore, a PRACH shorter sequence may require interlaced based PRACH in order to allow a transmission with maximum power.  Some of interlace may also satisfy the OCB constraint.
Proposal 8: Consider the necessity of interlaced based PRACH mappings to achieve the maximum radiated power as well as at least one PRACH format that satisfies the minimum OCB condition.
Among possible interlace mappings to be considered are:
· Uniform PRB-level interlace mapping
· Non-uniform PRB-level interlace mapping
· Uniform RE-level interlace mapping
When SCS for PRACH is selected we should consider:
· The duration of initial cyclic prefix (CP), should be larger than the maximum round-trip time (RTT) for a good coverage
· The number of sequence repetitions to provide a better coverage more robust against high coupling loss
· The presence of high Doppler shift, which may require larger SCS.
 [image: ]
Figure 1, Transmission of multiple/repeated PRACH preambles during on PRACH slot
The CP between adjacent sequences may be omitted because each sequence acts as cyclic prefix for the next sequence and may be added to the first CP thus increasing the cell coverage. Note that the beginning and the end of the PRACH slot aligns with the beginning and end of OFDM symbols. When the guard time is zero the intermediate cyclic prefixes are added to the CP at beginning. Various CP durations would define the coverage radius as CP needs to be larger than the sum of the round-trip time (RTT) and the delay spread (DS).
The same SCS for PRACH and for UL data reduces receiver implementation complexity (the same FFT can be used for PRACH preambles and for data and control).  On the other hand, the usage of a single SCS for initial access in 60GHz shared spectrum would considerably simplify the design of NR beyond 52.6GHz.
The number of available cyclic shifts is limited by the duration of one RACH symbol, therefore for a larger SCS the number of PRACH resources will be smaller. The usage of a smaller SCS such as 120 kHz allows more cyclic shifts and therefore a denser cell distribution.
Proposal 9: Support only 120kHz SCS for PRACH for initial access.
In NR-Rel15 back to back RACH Occasions in time can be configured. In the shared spectrum, a UE must perform a CCA before transmitting a RACH preamble. The UE may get blocked by a RACH transmission of another UE in the previous RACH occasion, if the occasions are scheduled back to back. 
Proposal 10: Support non-consecutive RO to reduce possibility of LBT failure.

Conclusion
Proposal 1: In 60 GHz shared spectrum, support SS/PBCH across discovery burst transmission windows that are quasi co-located with respect to average gain, QCL-Type A, and QCL-Type D properties.
Proposal 2: The SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same for operation in 60GHz shared spectrum.
Proposal 3: For 60GHz shared spectrum, consider the support of 120kHz SCS for SS/PBCH (Case D ) with necessary changes for LBT opportunities between consecutive SS/PBCH blocks.
Proposal 4: Support a configuration of SS/PBCH and Type-0 PDCCH multiplexed in the same slot using the same QCL.
Proposal 5: Support SSB and CORESET#0 multiplexing pattern 1 (different slots), and pattern 3 (same slots).
Proposal 6: Support a configuration where the PDSCH scheduled by Type-0 PDCCH can be rate-matched around the corresponding SSBs.
Observation 1:  With RAN 1 interpretation the OCB restriction does not imply that each of PRACH possible format transmissions should occupied 70% of the nominal channel bandwidth. 
[bookmark: _GoBack]Observation 2: The number of RBs for PRACH sequences is much lower than the maximum number of RB supported (275) even for largest sequence number (1151). 
Proposal 7: For 60 GHz shared spectrum, support 400MHz as the default channel bandwidth for the initial channel access and as the default channel bandwidth for the CCA (LBT) operations.
Proposal 8: Consider the necessity of interlaced based PRACH mappings to achieve the maximum radiated power as well as at least one PRACH format that satisfies the minimum OCB condition.
Proposal 9: Support only 120kHz SCS for PRACH for initial access.
Proposal 10: Support non-consecutive RO to reduce possibility of LBT failure. 
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