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Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss some required changes to NR using existing DL/UL NR waveforms focusing on the initial access aspects. 
Following agreements were made in the RAN1#103-e meeting:
Agreement:
· Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.
Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Some companies noted that standardization effort to support 240 kHz, 480 kHz, and 960 kHz numerologies are comparable. Some companies noted that standardization effort for 240 kHz numerology could be relatively smaller compared to 480 kHz or 960 kHz numerologies.
· The following, which is not an exhaustive list, are some potential physical layer impact that are common to all numerologies:
· supporting unlicensed operation
· if mixed numerology is supported, supporting mixed numerology operation.
· SSB and CORESET#0 offsets needed for supported channelization
· …
Synchronization Signals for 71 GHz Extensions
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell identity (ID) of the cell. A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS). A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, and form a SS/PBCH block. PSS and SSS allow the UEs to get synchronized, and by decoding PBCH, the UEs obtain minimal system information to be able to complete configuration and receive and initiate downlink (DL) and uplink (UL) communication respectively.
SS/PBCH Burst Design 
For beam-based operation, the base station may employ beam sweeping, transmitting beams in different directions. 3GPP Release-15 allows 4 beams up to 3 GHz and 8 beams beyond 3 GHz in FR1. For FR2, the base station may employ up to 64 beams. With beam sweep operation, each beam may need to transmit its own SS/PBCH block to allow UE synchronization and enable successful DL and UL data communication. 
SS/PBCH block burst spans 5 m-sec where the base station may transmit SS/PBCH blocks for active beams up to the maximum number of beams according to the operating carrier frequency. Thus, SS/PBCH blocks for active beams will always be confined within a burst of 5 m-sec. 3GPP has defined the SS/PBCH burst patterns in RAN1 specifications which provide the symbol indices where the base station will transmit SS/PBCH blocks. The following figure shows the burst design for 120 KHz and 240 KHz sub-carrier spacings.
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[bookmark: _Ref42635278]Figure 1: SS/PBCH Block Positions for 120 KHz and 240 KHz SCS
Following the standardization in Rel-15, the burst patterns need to be defined for new numerologies which is the main objective in this WID. One possibility can be to re-use the existing patterns over the higher numerologies. This may though not be optimal as it may introduce collisions when different numerologies are being used for SS/PBCH and for data transmissions. To avoid such risks, new SS/PBCH burst designs for new numerologies need to be investigated. FR2 already uses the sub-carrier spacings of 60 KHz and 120 KHz for data, and 120 KHz and 240 KHz for SS/PBCH. With the introduction of new numerologies, a single burst design which avoids the collisions on the DL and UL control occasions for all the allowed sub-carrier spacing can be quite complicated. We propose to split the sub-carrier spacings in two groups to simplify the design. Then all the data communication over a given carrier and all the control/synchronization transmission will use the SCSs within that group. One group in FR2 can comprise of sub-carrier spacings from 120 KHz to 240 KHz. The other group can comprise of 240 KHz and new sub-carrier spacings introduced during Rel-17 study. 
Proposal 1: Introduce groups of SCS in FR2 and all control/data communication will use the SCS from one such group.
UE Timing Determination in 5G NR 
3GPP Release-15 specified the mechanism of system timing determination at a UE which comprises of determining the system frame number (SFN), half radio frame flag and the beam index. The beam index corresponds to the position of a given SS/PBCH block in the SS/PBCH burst in a given half-frame. SFN, half-frame flag and beam index become available at a UE after a successful PBCH decoding which is part of SS/PBCH block. PBCH is used to transmit the master information block (MIB) received from higher layers to which physical layer adds some additional information in the form of PBCH payload. Radio frame identification, indicated as 10 bit SFN (denoted as bits s0 to s9), is ensured by transmitting 6 most significant bits (MSBs) s4 to s9 in master information block (MIB) payload. MIB payload is the transport block provided to physical layer from medium access control (MAC) layer. Four least significant bits (LSBs) of SFN, s0 to s3, and half-frame flag bit are transmitted as part of PBCH payload. Physical layer adds PBCH payload to MIB payload and transmits the combined MIB payload and PBCH payload over PBCH after physical layer processing.
For beam index identification, 6 bits b0-b5 are required to indicate up to 64 beams (or SS/PBCH positions in the burst) which are permitted by 3GPP for frequencies beyond 6 GHz. 3 LSBs b0-b2 are transmitted using the PBCH demodulation reference symbols (DMRS) by modulating the initialization sequence used to generate the DMRS. 3 MSBs b3 to b5 are transmitted as part of PBCH payload which physical layer adds on top of MIB.
Following the approach adopted in NR-U Release-16, the number of candidate positions need to be increased over the unlicensed carriers to compensate the random nature of channel access. Thus, if an SS/PBCH cannot be transmitted over its position, it should be allowed to be transmitted in a later position. Once SS/PBCH candidate position is known within the SS/PBCH burst, the UEs can determine the complete system timing by combining this information with SFN and half frame flag. Increasing the maximum number of SS/PBCH candidate positions for unlicensed spectrum to handle the channel access uncertainty leads to increased size of SS/PBCH candidate position index compared to the maximum number of beams. FR2 sub-carrier spacing having a larger number of slots within the burst duration will allow a larger number of new candidate positions. This can become even larger with the introduction of new numerologies with higher sub-carrier spacings. 
Observation 1: FR2 existing SCS and new numerologies can provide a large number of potential SS/PBCH candidate positions to combat channel uncertainty issues.
This will require a design for PBCH or MIB which can accommodate transmission for larger number of these candidates.
Proposal 2: It is proposed to investigate how to transmit the indication about additional SS/PBCH candidate positions which can become available with existing FR2 numerologies or future new numerologies.
Minimum System Information Transmission for 71 GHz Extensions
In 5G new radio (NR), a UE needs to decode at least MIB and SIB1 to start any form of communication. For this reason, MIB and SIB1 are often termed as minimum system information (MSI). In NR, both MIB and SIB1 are always transmitted in a broadcast fashion. MIB is transmitted over physical broadcast channel (PBCH), and it carries the most fundamental system information. 
The control resource set (CORESET) configured through MIB is called CORESET#0, and is used to transmit downlink control information (DCI) which indicates the resource scheduled for physical downlink shared channel (PDSCH) carrying SIB1. As MIB is the most fundamental piece of system information, and SIB1 carriers the remaining minimum system information, SIB1 is also termed as remaining minimum system information (RMSI).
Multiplexing Patterns for SS/PBCH Block and CORESET 0 in Rel-15
For beam based transmissions, each beam transmits an SS/PBCH block. 3GPP has defined the burst patterns for SS/PBCH blocks for beam based operation. To enable successful operation for UEs, independent of the beam they are located, the base station transmits SS/PBCH block (carrying MIB) and SIB1 in each beam, thus each SS/PBCH block has an associated CORESET 0 (carrying the scheduling where RMSI is transmitted) in that specific beam to indicate the resource carrying SIB1 over PDSCH.
3GPP has defined three multiplexing patterns (MP) for multiplexing of SS/PBCH block and CORESET 0. The SCSs allowed in lower frequency range FR1 only use MP1 for the multiplexing of SS/PBCH block and CORESET 0, whereas the SCSs allowed in higher frequency range FR2 can be configured to be used either MP1, MP2 or MP3.
Challenges for MSI Transmission at 71 GHz
For beam based operation, the base station will transmit SS/PBCH block, PDCCH in CORESET 0 and associated PDSCH carrying SIB1 in each beam direction. With a large number of active beams, where the user density may not be equally distributed, transmission of SS/PBCH block, PDCCH and PDSCH for SIB1 require the activation of each beam for a minimum duration allowing such transmissions, resulting in waste of time-frequency resource leading to very poor system efficiency. The issue will become more serious with new numerologies as there are going to be new combinations for SCS of SS/PBCH block and PDCCH scheduling SIB1.
Observation 2: The transmission of minimum system information with a large number of active beams makes the system inefficient and imposes beam switching constraints, resulting in reduced scheduler flexibility.
The problem aggravates even further in case of unlicensed spectrum due to channel uncertainty as the base station may lose the channel ownership in the gaps between any of these transmissions or due to the requirement of performing channel access procedures between these transmissions.
Observation 3: For shared carriers, the transmission of minimum system information with a large number of active beams brings additional issues related to channel ownership, and potential requirements to perform channel access procedures while switching the beams.

The issues described above need to be investigated, and potentially if the existing multiplexing mechanisms for SS/PBCH block and RMSI are not sufficient, new mechanisms need to be defined for efficient transmission of system information on new range of frequencies.

Proposal 3: It is proposed to investigate efficient transmission of MSI including the multiplexing patterns for both licensed and shared carriers.
Conclusion
In this contribution, we have discussed some required adaptations of NR Waveform to satisfy the 60GHz band requirements. Following set of observations were made in this document:
Observation 1: FR2 existing SCS and new numerologies can provide large number of potential SS/PBCH candidate positions to combat channel uncertainty issues.
Observation 2: The transmission of minimum system information with a large number of active beams makes the system inefficient and imposes beam switching constraints, resulting in reduced scheduler flexibility.
Observation 3: For shared carriers, the transmission of minimum system information with a large number of active beams brings additional issues related to channel ownership, and potential requirements to perform channel access procedures while switching the beams.

The discussion and the observations have led to the following proposals in this document:
Proposal 1: Introduce groups of SCS in FR2 and all control/data communication will use the SCS from one such group.
Proposal 2: It is proposed to investigate how to transmit the indication about additional SS/PBCH candidate positions which can become available with existing FR2 numerologies or the future numerologies.
Proposal 3: It is proposed to investigate efficient transmission of MSI including the multiplexing patterns for both licensed and shared carriers.
Reference
[1] RP-193259, New SID: Study on supporting NR from 52.6GHz to 71 GHz, Intel Corporation, 2019.
[bookmark: _GoBack][2] 3GPP RAN1 #103-e, Chairman’s Notes.
[3] Draft ETSI EN 302 567 V2.1.18, Multiple-Gigabit/s radio equipment operating in the 60 GHz band, 2020. 
[4] ETSI EN 301 893 V2.1.1, Harmonized European Standard, 5 GHz RLAN. May 2017.
[5] 3GPP TR 38.889, Study on NR-based Access to Unlicensed Spectrum (Release 16), 2018.





image1.png
T T O A Tlelnlwlslelvlelslalalelalalaslalalalalalalelaslalslslalalalalnlelalalalwly
TG T T 5 [ v [ % 1 % [ 7 A T O 7 3 w i3 v T 7 [ w1 ® N NN N <





