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Introduction
In previous meetings, RAN1 made the following agreements for SS block composition, transmission pattern, transmission periodicity.

	RAN1#NR_AH02

Agreements:
· For the case of 2 PBCH symbols within the SS block: PSS-PBCH-SSS-PBCH
· PBCH RE mapping: Alt. 1, NR-PBCH coded bits of the NR-PBCH code block(s) are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block

Agreements:
· Agree on pages 5, 7, 8 (30 kHz subcarrier spacing case) in R1-1711899
· Working assumption on pages 9, 10 (120, 240 kHz subcarrier spacing cases) in R1-1711899
· Working assumption can be revisited if there are serious implications to UE AGC operation. 

Agreements:
· For 15 kHz subcarrier spacing case,
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols 2-5
· Second candidate location is at symbols 8-11

Agreements:
· For 30 kHz subcarrier spacing case, the second SS block mapping pattern  is
· Map two SS blocks candidate locations to the slot of 14 symbols as follows
· First candidate location is at symbols  2-5
· Second candidate location is at symbols 8-11
· Note: In the case of NR-LTE coexistence, the first SS block mapping pattern (i.e., page 7 in R1-1711899) can be used
· Note: It is up to RAN4 to decide the SS block mapping pattern for each frequency band

Agreements:
· For 15 kHz, 30 kHz, and 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
· Note: For NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset
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Agreements:
· For 240 kHz subcarrier spacing, the following mapping slot in a half radio frame is agreed
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Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

Agreements:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band
Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties




For wideband operations, where more than one SS block transmissions are supported in wideband CC in the frequency domain, the following agreements were made in RAN1:

	RAN1#88bis
Agreement:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation

Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM



	RAN1#89
Agreements:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching

Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration

Agreements:
· In case of one active DL BWP for a given time instant, 
· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.
· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs
· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
· For the indication of active DL/UL bandwidth part(s) to a UE, the following options are considered (including combinations thereof)
· Option #1: DCI (explicitly and/or implicitly) 
· Option #2: MAC CE
· Option #3: Time pattern (e.g. DRX like)
· Details FFS



	RAN1 NR AH#2
Observation:
· Usage scenarios #1, and 2, and 3 in R1-1711795 are at least identified as usage scenarios for BW part
· From UE perspective, at least for single active BW part scenario, usage scenarios #1 and 3 are the same

Agreement:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain.
· FFS: Cross-BWP scheduling is supported.

Agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier
· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS
· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL

Agreement:
· At least one of configured DL BWPs includes one CORESET with common search space at least in primary component carrier
· Each configured DL BWP includes at least one CORESET with UE-specific search space for the case of single active BWP at a given time
· In case of single active BWP at a given time, if active DL BWP does not include common search space, then UE is not required to monitor the common search space

Agreement:
· In configuration of a BWP,
· A UE is configured with BWP in terms of PRBs. 
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE.
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
· NR supports MU-MIMO between UEs in different (but overlapping) BWPs

Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern



In this contribution we discuss on requirements for multiple SS block transmissions in wideband CC based on the agreements made in SS block composition and transmission, and wideband operation. Our discussion focuses on the number of SS blocks in wideband CC, RRM measurement with multiple SS blocks in wideband CC, etc.
Discussion
Maximum number of SS blocks in wideband CC

In wideband operation, one or multiple bandwidth parts can be semi-statically configured for each component carrier for a UE. Wideband operation supports both single and multiple SS block transmissions in the frequency domain in a wideband component carrier. Multiple SS blocks configured cross the system bandwidth in the frequency domain would allow non-CA or CA UE with a small BW capability to perform RRM measurements and channel tracking of each bandwidth part. It was agreed that “The bandwidth part may or may not contain the SS block”. 

Based on current agreements, the bandwidth of a bandwidth part is at least as large as the SS block bandwidth, but not larger than the maximal bandwidth capability supported by a UE. However, it is unclear on whether a bandwidth part can contain more than one SS block in frequency domain. In our view, it seems no particular reason to transmit more than one SS block in frequency domain for a BWP. Thus, we propose to make it clear that “Each bandwidth part contain no more than one SS block.” Once this is clarified, it is clear that the maximum number of SS blocks in wideband CC in frequency domain in a component carrier will not exceed the maximum number of the bandwidth parts in the component carrier. 

On the other hand, in order to give the full freedom for the gNB to control and transmission of the SS blocks in frequency domain in wideband operation, and allow a UE in wideband operation to have access to the SS block information without tuning to another wideband part, it is desirable that at least one SS block is allowed be configured in each bandwidth parts in a component carrier in wideband operation.

Proposal 1: Up to one SS block is allowed to be configured for each and every bandwidth part in frequency domain in a component carrier in wideband operation.

Configuration and signaling support of multiple SS blocks in wideband operation

UE would search for SS blocks through Sync Raster defined for a frequency band in NR similar to the search for multiple carriers in a frequency band in LTE. Once a UE detects one or more SS blocks, the UE selects one of the detected SS blocks as the reference time for the initial access. From the random access configuration in the RMSI, UE can obtain the information other actually transmitted SS blocks of the cell. Since the UE may search for the SS blocks and perform initial access in any of the bandwidth parts where SS blocks are transmitted, it is reasonable that all current agreements for SS block composition and transmission should be applicable to the SS block composition and transmission in each bandwidth part where SS blocks are transmitted, including the SS block composition, the SS burst set periodicity, the maximum number of SS blocks in a SS block burst set, etc. unless specifically indicated not suitable for a bandwidth part.

Proposal 2: All agreements made so far for SS block composition and transmission (for a single carrier) should be applicable to the SS block composition and transmission in each bandwidth part, unless specifically indicated otherwise.

One remaining issue for wideband operation is whether the SS block transmission in all bandwidth parts in a wideband component carrier should or should not follow the same configuration. Based on current agreements in wideband operation, the configuration parameters of a bandwidth part for RRC connected mode UE include the following properties:

· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)

Since different bandwidth parts in a component carrier may have different numerologies and bandwidth, it is reasonable to allow different configurations of SS block transmission in different bandwidth parts. Allowing gNB to configure the SS block transmissions in different bandwidth parts independently also provide the opportunity for the network to distributing UEs to different bandwidth parts for optimizing the use of the available system resources.

Proposal 3: SS blocks in different bandwidth parts in a component carrier in wideband operation can be configured independently, e.g., with different block periodicity, different numerology, etc.

RRM measurement with multiple SS blocks in wideband CC

For a RRC connected mode UE, RRM measurement with multiple SS blocks in wideband CC in frequency domain may be defined according to the different configurations.

For the following cases, RRM measurements with multiple SS blocks in wideband CC are expected to be defined the same as single SS block in wideband CC in frequency domain:

· When SS blocks are transmitted only in one bandwidth part in wideband CC and the UE is activated to work on bandwidth(s) that includes that bandwidth part;

· When SS blocks are transmitted in multiple bandwidth parts in wideband CC, but the UE is activated to work on bandwidth(s) that includes only one of the bandwidth parts;

More consideration is needed for the following case:

· When SS blocks are transmitted in multiple bandwidth parts in wideband CC, and the UE is activated to work on the bandwidth that includes more than one of these SS block bandwidth parts

For above case, there can be multiple design options for defining the RRM measurements. Based on previous agreement that “RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements”, the main issue we need to consider is the difference in the SS burst set periodicities of the SS block transmissions, assuming different SS block burst set periodicities are allowed to be configured for different bandwidth parts.  

· Alt. 1: One RRM requirement is defined based on the SS block SS burst set periodicity in one bandwidth part even although multiple bandwidth parts that are activated for the UE
· Alt. 1a: based on the longest SS burst set periodicity in multiple bandwidth parts that are activated for the UE;
· Alt. 1b: based on the shortest SS burst set periodicity in multiple bandwidth parts that are activated for the UE;
· Alt. 2: One RRM requirement is defined based on the consideration of the combination of the SS burst periodicities in multiple bandwidth parts that are activated for the UE;
· Alt. 3: One RRM measurement is defined associated with one configured bandwidth part. UE may be configured to provide multiple RRM measurements associated with multiple bandwidth parts;

Amongst above alternatives, Alt.3 is preferable since: a) for each RRM measurement, the measurement requirement can be simply defined per single bandwidth part; b)  it allows the gNB to configure the UE to provide the RRM measurements for each bandwidth part according the its requirements. 

Proposal 4: RRM measurement with multiple SS blocks in frequency domain in wideband CC can be defined separately for each bandwidth part.

Conclusion
In this contribution we discussed on requirements for multiple SS block transmissions in wideband CC based on the agreements made in general SS block transmissions and in wideband operation. Our proposals are summarized as follows:
Proposal 1: Up to one SS block is allowed to be configured for each and every bandwidth part in frequency domain in a component carrier in wideband operation.

Proposal 2: All agreements made so far for SS block composition and transmission for a single carrier should be applicable to the SS block composition and transmission in each bandwidth part, unless specifically indicated otherwise.

Proposal 3: SS blocks in different bandwidth parts in a component carrier in wideband operation can be configured independently, e.g., with different block periodicity, different numerology, etc.

Proposal 4: RRM measurement with multiple SS blocks in frequency domain in wideband CC can be defined separately for each bandwidth part.
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