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1 Introduction
This contribution discusses the following remaining issues on NR synchronization signal:
· SS block subcarrier spacing and transmission bandwidth (in response to the RAN4 LS [1]) 
· Initial-active BWP and default BWP
· Initial-active BWP 
· Default BWP 
· Mobility for WB carriers
· SSB locations for WB carrier 
· Number of SSB BWs to be used for RRM measurement 
· Default QCL assumption for the same indexed SSBs in different BWs 

2 SS Block Subcarrier Spacing and Transmission Bandwidth 
It has been agreed in RAN1 that the SS block transmission bandwidth is determined by PBCH BW, which has 2 times wider BW than the PSS/SSS BW. The SSB BW can be either 4.32 MHz (if SCS is 15 kHz) or 8.64 MHz (if SCS is 30 kHz) for sub6GHz bands, and it can be either 34.56 MHz (if SCS is 120 kHz) or 69.12 MHz (if SCS is 240 kHz) for over6GHz bands. In other words, SS block SCS determines the SS block transmission bandwidth. 
Moreover, according to the RAN1 agreements, the minimum UE BW should be determined by RAN4 band-specifically. Different operators may have different preferences for the UE minimum BW for a specific band, with different use cases/scenarios in their minds. Although currently two operators have different interests in a specific band, similar issues may happen in other bands later. To allow for flexible NR deployments from different operators all around the world, it is proposed that the issue raised by RAN4 should be resolved sooner than later, although addressing RAN4 issue may imply changing existing RAN1 agreements. If the solution is applicable only for NSA, the NR deployment options will be limited for those operators do not plan to have NR NSA deployment in the band. Hence, it should be preferred to consider solutions that resolve the issue for both NSA and SA deployments. 
The following alternatives have been considered in RAN1#NR-AH3 to address the issue raised by RAN4: 
· Alt 1: Redesign the SS block, i.e., reduce PBCH BW from 24 PRBs to 12 PRBs so that SS block transmission bandwidth does not exceed 4.32 MHz for sub6GHz and 34.56 MHz for over6GHz, regardless of the selected subcarrier spacing.
· Alt 2: RAN4 is allowed to select up to two SCS values for SS block and the corresponding SS block transmission bandwidth for each band within a limited set of bands, and blind detection is required only for initial cell search. 
In Alt 1, the number of resource elements for both PBCH and its DMRS are reduced by half due to the truncation of SS block transmission bandwidth, which may directly degrade DMRS and PBCH performance. A set of link-level-simulations are performed to test the potential performance loss due to the bandwidth truncation. For this purpose, as illustrated in FIGURE 1, four possible SS block designs are compared: 
· Option 1: Each SS block is consisted of 4 symbols, and each of the two PBCH/DMRS symbols has 24 PRBs. DMRS density is 3 RE per PRB per symbol. This is the current NR SS block design.
· Option 2: Each SS block is consisted of 4 symbols, and each of the two PBCH/DMRS symbols has 12 PRBs. DMRS density is 3 RE per PRB per symbol.   
· Option 3: Each SS block is consisted of 5 symbols, and each of the three PBCH/DMRS symbols has 12 PRBs. DMRS density is 3 RE per PRB per symbol.
· Option 4: Each SS block is consisted of 6 symbols, and each of the four PBCH/DMRS symbols has 12 PRBs. DMRS density is 3 RE per PRB per symbol.  


[bookmark: _Ref494296480]FIGURE 1 Illustration of different SS block design options.
Evaluation results of the single-shot DMRS detection error and PBCH BLER for single-cell scenario and multi-cell scenario are shown in FIGURE 2 and FIGURE 3, correspondingly (refer to TABLE 1 in the Appendix for more evaluation parameters). 
From the evaluation results, it can be observed that the DMRS detection accuracy degrades by around 1.5 dB and the PBCH decoding accuracy degraded by around 3 dB, if the SS block bandwidth is truncated by half without increasing the number of PBCH/DMRS symbols (e.g. comparing Option 1 and Option 2). Note that if ML-type detector is utilized for DMRS detection, the degradation is expected to be even larger (e.g. further 1 to 1.5 dB larger). 
Observation 2.1: If the SS block bandwidth is truncated by half without increasing the number of PBCH/DMRS symbols, the DMRS detection accuracy degrades by at least around 1.5 dB and the PBCH decoding accuracy degraded by around 3 dB. 
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[bookmark: _Ref494297000]FIGURE 2 Comparison of different SS block design options (single-cell scenario).
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[bookmark: _Ref494297007]FIGURE 3 Comparison of different SS block design options (multi-cell scenario).

Moreover, by comparing the evaluation results of Option 3 and Option 4 with Option 1, it can be observed that after truncating the SS block bandwidth, at least 3 symbols of PBCH/DMRS are required to achieve similar detection performance of DMRS, and at least 4 symbols of PBCH/DMRS are required to achieve similar decoding performance of PBCH. 
Observation 2.2: After truncating the SS block bandwidth, at least 1 additional symbol of PBCH/DMRS is required to achieve similar detection performance of DMRS, and at least 2 additional symbols of PBCH/DMRS are required to achieve similar decoding performance of PBCH, comparing to current SS block design.
Meanwhile, power boosting (e.g. increase the PBCH/DMRS symbol power by 3 dB) may not essentially compensate the performance degradation due to truncation of SS block bandwidth. For multi-cell scenario, the power in serving cell is amplified in the same way as the one in interfering cell. Hence, the performance improvement may only exist for low-interference scenario, and power boosting cannot fully solve the issue in general, especially for high-interference scenario. FIGURE 4 shows the evaluation results on PBCH BLER in two-cell scenario, where the serving cell signal has the same power as interference. In this simulation, it can be observed that power boosting cannot fully compensate the performance loss due to the truncation of SS block bandwidth, comparing to current SS block design. 
Observation 2.3: Power boosting cannot fully compensate the performance loss due to the truncation of SS block bandwidth. [image: ]
[bookmark: _Ref494359769]FIGURE 4 Evaluation results on the performance of power boosting in multi-cell scenario.
To summarize, truncating the SS block bandwidth will lead to significant impact on the DMRS and PBCH performance. To achieve similar performance as current SS block design, at least one or two additional symbols for PBCH and its DMRS should be added in time domain to compensate the loss of resource elements due to truncation. This change will cause lots of related design issues to be reconsidered. For example, at least the following design aspects (may not be an exclusive list) are impacted and may need some redesign:
· Symbol order within the SS block. The particular order of symbols in FIGURE 1 is only for illustration purpose. It should be further optimized by taking into consideration of demodulation performance and other aspects (e.g. AGC adjustment issue). 
· SS block allocation within a slot such that collision with DL/UL control channels can still be avoided.
· Slot allocation within 5 ms period if one slot cannot occupy two SS blocks anymore.
· DMRS sequence. The number of REs for DMRS will reduce due to truncation, such that the sequence generation method should be reconsidered and evaluated. 
Based on above analysis and discussion, as well as taking into consideration that the agenda item of initial access in NR Phase I should be finalized within two meetings, we believe Alt 1 is not a realistic and complete solution at this moment, and we propose Alt 2 to solve RAN4’s issue with minimum change to SS block design for RAN1.  
Proposal 2.1: RAN4 should be allowed to select up to two SCS values for SS block and the corresponding SS block transmission bandwidth for each band within a limited set of bands, and blind detection is required only for initial cell search. 
3 Initial Active BWP and Default BWP 
Based on the discussion in our companion contribution [2], it is proposed to support FDM of SS blocks and RMSI transmissions. In such a case, SS block BW location and RMSI BW location could be different. As the RMSI and other initial access signals (e.g., msg2/4, etc.) are agreed to use the same numerology, these initial signals could be transmitted in a same BW, which is referred to “initial active BWP.” This initial active BWP may serve all IDLE mode operations for the user. Since SS block and RMSI may potentially have different numerologies, and a BWP is associated with one numerology, technically speaking SS block and RMSI (including Msg2, 4 etc) cannot be in the same BWP. However, the BW region of SS block and RMSI can be the same (for instance to support TDM of SSB and RMSI). 
In addition, we envisage the following behaviour for a NR UE – a UE receives the SSB, decodes PBCH and obtains information regarding the initial active BWP (RMSI location and the SSB offset from the PRB grid). The RMSI location is found using a) the SSB offset which is needed to align with the PRB grid and b) the RMSI location indicated via PBCH in terms of integer number of PRBs. Depending on the supported UE minimum BW, the UE may or may not retune to receive RMSI (if the UE minimum BW covers both SSB and RMSI, then no retuning is needed; else the UE will retune from SSB BW to RMSI BW location). 
Post RRC connection, a UE may be configured with a default BWP which the UE may use for all connected mode operations. This default BWP may be UE specifically configured to the UE by the gNB and enables the load balancing purposes for the gNB (can also allow for connected mode paging in this BWP). This default BWP may or may not have an SS block (since this is purely for load balancing purposes and for fall back mode of operations [3]), hence the UE must be indicated to use a separate BW for SSB measurement purposes in case the UE BW does not include a SSB i.e., for narrow band users retuning may be needed for measurement while for a wideband UE the default BWP can be configured to include the SSB as well. 
Proposal 3.1: 
· The initial active BWP is configured in MIB for RMSI/msg2&4 receptions, and for supporting all IDLE mode operations 
· The default BWP is configured in RRC, and it can support other connected mode operations such as fall back, connected mode paging etc.

4 Mobility for WB Carriers 
For the case of neighbor cell measurements, it is typically beneficial for the UE to assume the presence of SS blocks of the neighbor cell at the same location of serving cell to avoid retuning. However, with the presence of multiple SS blocks, presence of default SS block locations (cell defining SS block) in a wideband carrier per UE, it is necessary to define a fool proof mechanism for the measurements. 
Based on the RAN4 LS [4], it is mentioned that “In RAN4 understanding, to make the UE measurement behaviour clear, the UE should be indicated with one specific SSB in the UE’s serving cell which is used for measurement for mobility purpose in multiple SSBs scenario.” Further, it is mentioned that “A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.” Else, it is defined as inter-frequency measurement when either the centre frequency or the SCS of the SSBs are different. 
Based on these, it can be concluded that the cell-defining SSB can be used for mobility purposes. Furthermore, it can be concluded that a single SSB BW is used for measurement purposes. 
Proposal 4.1: The cell-defining SSB is used for mobility purposes. Only a single SSB BW is used for measurement purposes. 
When CSI-RS is also present, the following combinations may be possible and must be further studied if they should be considered or not: 
· One SS block & one WB CSI-RS
· One SS block & multiple NB CSI-RS
SSB locations for WB carrier
From a network perspective, SSB can be located at any location on the SS frequency raster within the wideband CC. Also it is preferred that a UE finds only one SSB within its BW during the course of initial cell selection to avoid any confusion about the SSB strength and location. Therefore, it is preferred that the SSB BW do not overlap in frequency. Hence in a wideband carrier, the number of SSB could depend on the network bandwidth and the UE minimum BW. Further considering the FDM of RMSI and SSB, the SSB locations should be appropriately spaced apart. 

Proposal 4.2: Multiple SSBs in frequency domain should not overlap. 

QCL Assumption across multiple SSB in frequency domain
The following options can be considered for the case of QCL across multiple SSB in frequency domain – 
· Alt 1: No QCL across the SSBs; 
· Alt 2: The same indexed SSBs across the BWs are assumed to be QCL’ed
· Alt 3: UE is configured the QCL relationship across multiple SSB via UE specific signalling (irrespective of the indices)
During initial access, no assumptions about QCL are needed as it is expected that the UE finds only one SSB during this stage. For the connected mode, Alt 2 and Alt 3 can be further considered to help UE reduce the measurement times in case where switches BWPs which may contain/ associated with different SSB in frequency.  
Proposal 4.3: By default, UE assumes that the same indexed SSBs across the same BW are assumed to be QCL’ed
· UE can receive an updated QCL information across multiple SSB via UE specific signalling
SS block to RMSI Mapping
It is agreed that cell-defining SSB has an RMSI associated with it. However it is still under discussion as to whether this mapping is one-to-one or many-to-one. We also had the below agreement regarding common PRB indexing – 
	Agreements: 
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL 


Many-to-one RMSI mapping can be considered in NR to reduce the network signaling overhead for RMSI. In such a case, since different UE may find different cell-defining SSB, indication of the offset from PRB0 to the lowest PRB of the SSB accessed by the UE via RMSI is not feasible. Furthermore, UE must explicitly indicate the SSB location to the gNB during the RRC connection establishment procedure so that the gNB can indicate the appropriate offset to the UE. Therefore, UE specific signaling of the offset indication should be considered in NR. If RMSI indication is deemed necessary, the offset must be from PRB0 to the lowest PRB of the RMSI which is common across multiple SSBs. 
Proposal 4.4: A UE must indicate the SSB it accessed during the connection establishment procedure. Then gNB indicates the offset from PRB0 to the lowest PRB of the SSB accessed by the UE. 
Proposal 4.5: Further consider offset indication from PRB0 to the lowest PRB of RMSI (instead of the SSB accessed) in order to support many-to-one mapping between SSB and RMSI. 
In addition, it must be noted that to support many-to-one mapping between SSB and RMSI, there is only one PRACH configuration supported for multiple SSB in frequency. This indicates that the multiple SSB with same indices but in different frequency locations must be QCL’ed (Alt 2 mentioned above in the QCL sub-section). Although this is network implementation specific, but since it impacts the common PRB indexing, it must be jointly investigated. 
Proposal 4.6: Jointly investigate QCL assumptions across multiple SSBs in frequency and the SSB-to-RMSI mapping.
5 Conclusion
This contribution has considered the following aspects. 
· SS block subcarrier spacing and transmission bandwidth (in response to the RAN4 LS [1]) 
· Initial-active BWP and default BWP
· Mobility for WB carriers
The proposals to these topics are summarized below. 
SS block subcarrier spacing and transmission bandwidth
Proposal 2.1: RAN4 should be allowed to select up to two SCS values for SS block and the corresponding SS block transmission bandwidth for each band within a limited set of bands, and blind detection is required only for initial cell search. 
Initial-active BWP and default BWP
Proposal 3.1: 
· The initial active BWP is configured in MIB for RMSI/msg2&4 receptions, and for supporting all IDLE mode operations 
· The default BWP is configured in RRC, and it can support other connected mode operations such as fall back, connected mode paging etc.
Mobility for WB carriers
Proposal 4.1: The cell-defining SSB is used for mobility purposes. Only a single SSB BW is used for measurement purposes. 
Proposal 4.2: Multiple SSBs in frequency domain should not overlap. 
Proposal 4.3: By default, UE assumes that the same indexed SSBs across the same BW are assumed to be QCL’ed
· UE can receive an updated QCL information across multiple SSB via UE specific signalling
Proposal 4.4: A UE must indicate the SSB it accessed during the connection establishment procedure. Then gNB indicates the offset from PRB0 to the lowest PRB of the SSB accessed by the UE. 
Proposal 4.5: Further consider offset indication from PRB0 to the lowest PRB of RMSI (instead of the SSB accessed) in order to support many-to-one mapping between SSB and RMSI. 
Proposal 4.6: Jointly investigate QCL assumptions across multiple SSBs in frequency and the SSB-to-RMSI mapping.
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Appendix
[bookmark: _Ref490048934]TABLE 1 
	Parameters
	Value

	Bandwidth
	8.64 MHz and 4.32 MHz

	Subcarrier spacing
	30 kHz

	Carrier frequency
	4 GHz

	Antenna configuration
	2x2

	SS burst set periodicity
	20 ms

	Velocity
	3 km/h

	Channel model
	CDL-C 

	Delay spread scaling
	100 ns

	Channel estimation
	2D MMSE

	CFO
	TRP: +/- 0.05 ppm, UE: +/- 0.1ppm

	Interference model
	As in [5]
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