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Introduction
It was agreed that PSS/SSS/PBCH should be studied in NR-U operation [1].
	[bookmark: _Ref494215420]Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range



This contribution discusses SS/PBCH block in NR-U operation from high level view. This contribution is revised from R1-1804218 submitted in RAN1#92bis.

Discussion
In this section, we discuss the potential design principle of SS/PBCH block in NR-U operation.

Summary of views on SS/PBCH block in RAN1#92 and RAN1#92bis meeting
We tried to summarize views on SS/PBCH block or DRS from some companies in RAN1#92 and RAN1#92bis meeting as follows:
· To achieve OCB requirement and transmission power increasing under assumption that maximum PSD is restricted, bandwidth of SS/PBCH block should be enlarged. There could be several solutions:
· Using higher subcarrier spacing [2] [3];
· FDM between SS/PBCH block and CSI-RS [3] [4];
· FDM between SS/PBCH block and RMSI [4] [5] [6];
· Multiple SS/PBCH blocks in frequency domain [2] [4] [7] [8]; 
· To reduce LBT overhead of the control signaling, some solutions are proposed:
· Consecutive transmission of SS, PRACH, paging information and Msg2/3/4 [9];
· DRS consists at least of SS/PBCH Block(s), SIB1 carried by PDSCH, and (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM [10];
· Transmission block comprising both SS/PBCH block and RMSI [3] [4] [12];
· For purpose of increasing opportunity of SS/PBCH block transmission, it is preferred using the following solutions:
· High-priority LBT, like that in LTE-LAA;
· Additional opportunities for SS/PBCH block transmission [4] [5] [6] [13] [14];
· Minimization of timing gap between SS/PBCH blocks [2] [13] [12];
· Cycled SS/PBCH block transmission [2];
· Hierarchical multi-stage LBT and SS/PBCH transmission [11];

Design principles of SS/PBCH block in NR-U operation
In our previous contribution [R1-1804218], we proposed to study the design principle of SS/PBCH block in NR-U operation starting from the following points:
· Bandwidth of SS/PBCH block or DRS;
· LBT of SS/PBCH block or DRS w.r.t. beam sweeping;
· Duration of SS/PBCH blocks or DRS w.r.t. beam sweeping;
· Multiplexing SS/PBCH block and other signal/channel.
Since whether to define DRS as a container of SS/PBCH block(s) and other signal/channel is to be decided, we will not use terminology of “DRS”, although it may be defined to contain a set of SS/PBCH blocks and other signal/channel. With small re-wording, we propose to study the design principle of SS/PBCH block in NR-U operation starting from the following points:
· Bandwidth of SS/PBCH block;
· LBT of SS/PBCH block(s) w.r.t. beam sweeping and repetition;
· Duration of SS/PBCH block(s) w.r.t. beam sweeping and repetition;
· Multiplexing SS/PBCH block and other signal/channel.

Therefore, the first proposal of the contribution is provided as follows.
Proposal 1: The design principle of SS/PBCH block in NR-U operation should consider the following points:
· Bandwidth of SS/PBCH block;
· LBT of SS/PBCH block(s) w.r.t. beam sweeping and repetition;
· Duration of SS/PBCH block(s) w.r.t. beam sweeping and repetition;
· Multiplexing SS/PBCH block and other signal/channel.

Bandwidth of SS/PBCH block
There could be at least three options for bandwidth of SS/PBCH block to meet OCB requirement:
· Option 1: Using larger subcarrier spacing, e.g. 60kHz for sub-7GHz;
· Option 2: Multiple SS/PBCH blocks in frequency domain;
Option 1 may conflict with Option 2, since channel of 20MHz bandwidth cannot accommodate two SS/PBCH blocks with 60kHz subcarrier spacing in frequency domain for sub-7GHz. 
For Option 2, it is suitable for smaller subcarrier spacing than 60kHz for sub-7GHz. One the other hand, Option 2 can raise transmission power of SS/PBCH block, but the raised power is limited by channel bandwidth, e.g. when 30kHz subcarrier spacing is used in 20MHz channel for sub-7GHz, there may be only 3dB power raised due to double SS/PBCH blocks in frequency domain. However, since time-domain repetition of SS/PBCH blocks within SS-burst-set is well designed in NR licensed band, whether to support frequency-domain repetition should be carefully studied. Furthermore, frequency-domain repetition of SS/PBCH block may conflict with FDM between SS/PBCH block and other signal/channel.
Anyway, we have no strong position on Option 1 or Option 2. But considering candidates of subcarrier spacing, we suggest prioritizing larger subcarrier spacing in SI stage.
Proposal 2: Study mechanism to use larger subcarrier spacing, e.g. 30/60kHz for sub-7GHz, in NR-U operation.

LBT of SS/PBCH block(s) w.r.t. beam sweeping and repetition
Regarding repetition of SS/PBCH block, as mentioned in [13], the RF output power EIRP limitation is 23 dBm and 24dBm in 5GHz unlicensed band, and in this case the directional transmission with high beamforming gain is not applicable. On the other hand, limited by PSD regulation, PSS/SSS in SS/PBCH block would be transmitted with 15.8 or 18.8 dBm transmit power assuming 30 or 60 kHz subcarrier spacing respectively, and thereby repetition of SS/PBCH blocks can be supported to compensate the power gap.
Regarding beam sweeping of SS/PBCH block, in high frequency above 7GHz, the directional transmission with high beamforming gain is always preferred like that defined in 802.11ad [15] as periodic beam training in Beacon Interval, and also is necessary to enlarge coverage. Thus, we think that beam sweeping of SS/PBCH blocks should be studied at least for above-7GHz.
Furthermore, since beam sweeping and repetition of SS/PBCH blocks has been well-defined in Rel-15 NR licensed band, the standardization effort seems small.
Therefore, LBT of SS/PBCH block(s) w.r.t. beam sweeping and repetition should be studied.

There could be at least three options for LBT of SS/PBCH block(s):
· Option 1: Perform LBT before each SS/PBCH block;
· Option 2: Perform LBT before an SS-burst-set, i.e. an SS-burst-set shares a LBT;
· Option 3: Perform LBT before an SS-burst (or a SS/PBCH block group), i.e. an SS-burst shares a LBT;
For Option 1, it has been discussed in some companies’ contributions, e.g. [4] [16]. It has advantage of short COT. However, in our view, it is too stringent for LBT in NR-U operation. In NR-U operation, SS/PBCH block may be the only “always-on” signal [10], which is important for time/frequency tracking, beam management, RRM/RLM, and even initial access (in NSA deployment). If one SS/PBCH block misses the opportunity of transmission, measurement at UE side may be degraded due to low SNR of received SS/PBCH block(s).
For Option 2, it has been discussed in some companies’ contributions, e.g. [13]. Compared with Option 1, it has some advantages, e.g. increasing opportunity of transmission of SS/PBCH blocks, reducing LBT overhead. However, MCOT requirement should be considered for sharing a LBT for an SS-burst-set. 
For Option 3, it has been discussed in some companies’ contributions, e.g. [8] [14]. Option 3 is in the middle of Option 1 and Option 2, and thus achieves the tradeoff between short COT and robustness of multiple SS/PBCH blocks transmission in time-domain.
Therefore, we slightly prefer Option 3.
Proposal 3: Study repetition and beam sweeping for SS/PBCH block(s), and study mechanism that an SS-burst shares a LBT in NR-U operation.

Duration of SS/PBCH block(s) w.r.t. beam sweeping and repetition
Duration of DRS in LTE-LAA is 12 OFDM symbols. Although one SS/PBCH block in NR licensed band is just 4 OFDM symbols, the overall duration of SS-burst-set is up to 4 ms. From perspective of MCOT requirement, duration of SS-burst-set may be optimized in NR-U operation. Furthermore, to increase opportunity of SS/PBCH transmission within a window, e.g. within DMTC or SMTC, it is better to reduce duration of SS-burst or SS-burst-set. 
On the other hand, in unlicensed band, the combined time of transmissions for a gNB does not exceed 50ms, as mentioned in [17]:
	The combined time of transmissions compliant with the channel access procedure described in section 15.1.2 of [6] by an eNB should not exceed 50 ms in any contiguous 1 second period on an LAA SCell.


If SS-burst-set periodicity is 40ms which is the minimum periodicity of DRS proposed in [10], the combined time of SS-burst-sets in 1 second is listed as the following table.
Table 1: the combined time of SS-burst-sets in 1 second
	
	The combined time of SS-burst-sets in 1 second
	Percentage in 50ms (percentage of SS-burst-sets transmission in 1 second)

	Duration of SS-burst-set is 1ms
	1000/40*1=25ms
	50%

	Duration of SS-burst-set is 2ms
	1000/40*1=50ms
	100%


40ms SS-burst-set periodicity may be too critical under the above restriction of the combined time of transmission of gNB. But it also reflect that it is better to reduce duration of SS-burst or SS-burst-set.
Therefore, in our view, it is still preferred to reduce duration of SS-burst or SS-burst-set. 
There could be at least three options to reduce duration of SS-burst or SS-burst-set:
· Option 1: Using higher subcarrier spacing, e.g. 60kHz for sub-7GHz;
· Option 2: Minimize timing gap between SS/PBCH blocks;
For Option 1, taking example of using 60kHz subcarrier spacing for sub-7GHz, if two SS/PBCH blocks are sent within one slot like Rel-15 in NR licensed band, there are 8 SS/PBCH blocks being transmitted within 4 slots, which only consumes 1ms in total.
For Option 2, taking example of using 30kHz subcarrier spacing for sub-7GHz, 12 OFDM symbols duration in LTE-LAA is equal to 24 OFDM symbols duration. If SS/PBCH blocks are transmitted consecutively, it can accommodate 6 SS/PBCH blocks.
Therefore, we prefer both Option 1 and Option 2:
Proposal 4: Study mechanism to reduce duration of SS/PBCH block(s), e.g. minimize timing gap between SS/PBCH blocks in NR-U operation.

Multiplexing SS/PBCH block and other signal/channel
It is mentioned by some companies that SS/PBCH block should multiplex with other signal/channel, e.g. CSI-RS or RMSI, and share the same LBT procedure. The multiplexing can offer the reduction of LBT overhead. There could be at least two options for multiplexing:
· Option 1: FDM between SS/PBCH block and other signal/channel, and sharing the same LBT;
· Option 2: TDM between SS/PBCH block and other signal/channel, and sharing the same LBT;
For Option 1, it seems suitable for lower subcarrier spacing, e.g. 15kHz for sub-7GHz, where there are sufficient PRBs left for 20MHz channel. But the problem is that:
· If 30kHz or 60kHz subcarrier spacing is used for sub-7GHz, the left RBs may not be enough at least for RMSI PDSCH, and
· if CSI-RS or RMSI has larger periodicity than SS/PBCH block, the reserved signal is necessary. 
It should be noted that Rel-15 NR has supported Option 1 as a subset of “Pattern 2 and Pattern 3” for RMSI time/frequency resource allocation.
For Option 2, it seems suitable for larger subcarrier spacing, e.g. 60kHz for sub-7GHz, where there is no sufficient PRBs left. But the problem is that: 
· if CSI-RS or RMSI has larger periodicity than SS/PBCH block, the reserved signal is necessary, and
· if CSI-RS or RMSI has a long time offset with SS/PBCH block, MCOT requirement may not be satisfied.
It is proposed in [13] that SS/PBCH block and RMSI do not share the same LBT, even if they are TDMed. This solution can lead to a common design of SS/PBCH block in NSA and SA scenarios.
[bookmark: _GoBack]We have no strong position for Option 1 or Option 2. But we prefer to support FDM if 15/30kHz subcarrier spacing is used for sub-7GHz, and support TDM if 60kHz subcarrier spacing for sub-7GHz.
Proposal 5: Study FDM between SS/PBCH block and other signal/channel if 15/30kHz subcarrier spacing is used, and TDM if 60kHz subcarrier spacing is used, for sub-7GHz in NR-U operation.

Conclusion
In the contribution, we discuss the SS/PBCH block in NR-U operation, and raise the proposals as follows.
Proposal 1: The design principle of SS/PBCH block in NR-U operation should consider the following points:
· Bandwidth of SS/PBCH block;
· LBT of SS/PBCH block(s) w.r.t. beam sweeping or repetition;
· Duration of SS/PBCH block(s) w.r.t. beam sweeping or repetition;
· Multiplexing SS/PBCH block and other signal/channel.
Proposal 2: Study mechanism to use larger subcarrier spacing, e.g. 30/60kHz for sub-7GHz, in NR-U operation.
Proposal 3: Study repetition and beam sweeping for SS/PBCH block(s), and study mechanism that an SS-burst shares a LBT in NR-U operation.
Proposal 4: Study mechanism to reduce duration of SS/PBCH block(s), e.g. minimize timing gap between SS/PBCH blocks in NR-U operation.
Proposal 5: Study FDM between SS/PBCH block and other signal/channel if 15/30kHz subcarrier spacing is used, and TDM if 60kHz subcarrier spacing is used, for sub-7GHz in NR-U operation.

Reference
[1] [bookmark: _Ref498525609]	3GPP RAN1, “Chairman’s notes of RAN1 92bis”, April 16th – 20th, 2018.
[2] R1-1802239, “Potential solutions for NR unlicensed operation”, LG, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[3] 	R1-1802526, “Potential solutions and techniques for NR unlicensed”, Nokia, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[4] R1-1803951, “Considerations on RS/channel design and measurement for NR-U”, ZTE, Sanechips, RAN1#92bis, April 16th - 20th, 2018.
[5] R1-1801658, “Considerations on initial access in NR unlicensed bands”, MTK, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[6] R1-1804065, “Discussion on potential physical layer procedures in NR-U”, MTK, RAN1#92bis, April 16th - 20th, 2018.
[7] R1-1804768, “NR Unlicensed Physical Channel Design Considerations”, Apple, RAN1#92bis, April 16th - 20th, 2018.
[8] R1-1803978, “Discussion on SS/PBCH block waveform for NR-U”, OPPO, RAN1#92bis, April 16th - 20th, 2018.
[9] R1-1802066, “NR unlicensed design considerations”, Sony, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[10] R1-1802777, “On the Introduction of a Discovery Reference Signal”, Ericsson, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[11] R1-1802647, “Considerations on Synchronization Signal for NR Unlicensed Spectrum”, InterDigital, RAN1#92, Feb. 26th – Mar. 2nd, 2018.
[12] R1-1804649, “Considerations on SS/PBCH blocks for NR unlicensed”, Xiaomi, RAN1#92bis, April 16th - 20th, 2018.
[13] R1-1804276, “On physical layer channel design for NR unlicensed”, Nokia, RAN1#92bis, April 16th - 20th, 2018.
[14] R1-1803680, “SS/PBCH block design in NR unlicensed”, MTK, RAN1#92bis, April 16th - 20th, 2018.
[15] Nitsche, et. al, “IEEE 802.11ad: Directional 60 GHz Communication for Multi-Gbps Wi-Fi”, IEEE,  available at http://networks.rice.edu/files/2014/10/11adPaper.pdf
[16] R1- 1803856, “Discussion on physical layer channel design in NR unlicensed spectrum”, Vivo, RAN1#92bis, April 16th - 20th, 2018.
[17] 3GPP TS 36.300, v15.0.0
