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Discussion and Decision
1      Introduction
In last RAN2#96 meeting, there are some progress on RRM measurement. The agreements are: 
Agreements for connected active
1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.

2: 
RAN2 working assumption to be confirmed by RAN1: 


a/ Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.


b/  Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.

3: 
The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

Agreements for connected active

1: 
RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.

FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 


a/ best beam, 


b/ N best beams, 


c/ all detected beams


d/ beams above a threshold.


Other options are not precluded

During last RAN2 January ah-hoc meeting, it was also agreed that RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle.

=>RAN2 will study the implications of this agreement on RAN2, for example:

1. Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)

2. Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID
During last RAN1 ad-hoc meeting, some agreements are made related to measurement. In this contribution, we further study the implication of the RAN1 agreement and the related RAN2 impact. 
2      Discussion
Below are RAN1 agreements on RRM measurements from RAN1#87 meeting:

· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs

· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration

· FFS: idle and possibly new state mode

· FFS: whether to support aperiodic

· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth
· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations

· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 

· FFS : value of N, 

· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration

· Other options are not precluded.

In last RAN1 ad-hoc meeting, RAN1 had made the following agreements related to mobility and measurement:

· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

Based on the RAN1 agreement, we can use figure 1 below to illustrate the relationship between SS block, SS burst set, beam and cell. An SS burst set contains N SS blocks. SS burst set will be repeated based on the periodicity. N is fixed and the network can send some or all signal in N SS block. But once the location of the signal in the SS block is fixed, it will be repeated in all SS burst set. 
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Figure 1: Example of SS blocks and SS burst set

In RAN1, one of the options discussed is that xSS is transmitted using wide beam while narrow beam is used for data as shown in Figure 2. In this case, the measurement coverage will be different from the actual data channel. In one TRP per cell case, an offset may be used to scale the coverage such that the imbalance is minimized. 
Observation 1: when wide beam is used for xSS and narrow beam is used for data, coverage imbalance will occur between measurement and actual data channel
Observation 2: offset may be configured by the network to minimize the imbalance for one TRP per cell case
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Figure 2: Coverage imbalance when xSS wide beam (orange) is used and narrow data beam (blue) is used
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Figure 3: Multiple TRP per cell scenario

Each SS block is a time domain unit that contain the xSS signal which carries the cell ID. When multiple TRPs are deployed per cell, there are different ways to transmit xSS per beam, per TRP and per cell. If xSS per beam is uniquely transmitted in one SS block, the number of SS block will be increased in order for all beams within a cell to transmit. Alternatively, network may transmit xSS using multiple beams belong to different TRPs in the same SS block to reduce the delay. Each of the methods may have a different impact in term of xSS acquisition delay, combined signal, coordination issue between cells/TRPs, etc… Below are some options for xSS transmission: (our understanding is that xSS will be coded with cell ID only)

· Option 1: Each beam from each TRP and each cell will be allocated a different SS block in time for the xSS transmission. With this option, the UE will receive exactly one beam per SS block. From the simple example above, 36 resources will be needed for all beams in cell 1 and cell 2. One of the example of the schedule of the xSS can be as follow:

	SS block 1
	SS block 2
	SS block 3
	SS block 4
	SS block 5
	SS block 6
	SS block 7
	SS block 8
	…
	SS block 36

	Cell 1, TRP 1, Beam 1
	Cell 1, TRP 1, Beam 2
	Cell 1, TRP 1, Beam 3
	Cell 1, TRP 1, Beam 4
	Cell 1, TRP 1, Beam 5
	Cell 1, TRP 1, Beam 6
	Cell 1, TRP 2, Beam 1
	Cell 1, TRP 2, Beam 2
	…
	Cell 2, TRP 3, Beam 6


· This option creates a long delay for all beams to transmit. But each beam can be uniquely identify be the UE
· Option 2: Beam index x from the all cells transmit at the same SS block (assuming cells are synchronized), x is from 1-6 in the example. It will take total of 6 resources in the example above. One of the example of the schedule of the xSS can be as follow: 
	SS block 1
	SS block 2
	SS block 3
	SS block 4
	SS block 5
	SS block 6

	Cell 1, 
All TRPs, Beam 1
	Cell 1, 
All TRPs, Beam 2
	Cell 1, 
All TRPs, Beam 3
	Cell 1, 
All TRPs, Beam 4
	Cell 1, 
All TRPs, Beam 5
	Cell 1, 
All TRPs, Beam 6

	Cell 2, 
All TRPs, Beam 1
	Cell 2, 
All TRPs, Beam 2
	Cell 2, 
All TRPs, Beam 3
	Cell 2, 
All TRPs, Beam 4
	Cell 2, 
All TRPs, Beam 5
	Cell 2, 
All TRPs, Beam 6


· In this option, the UE will receive an aggregated signals from beam 1 TRP 1, 2 and 3 from each cell in the SS block. Since the xSS should code with different cell ID, therefore, the UE will be able to decode different cell but not different beams from different TRP in the same SS block. For example, cell 1, TRP 1, 2 and 3 beam 1 are aggregated. Please find more detail in next section.
· The advantage of this is reduced delay to number of beams per TRP compared to option 1.

· Option 3: Same TRP from different cells share the same resource. For example, beam 1, TRP 1 from cell 1 and cell 2 share the same SS block. This method reduce the total resource by 50% (18 resources in the example) compare to option 1. One of the example of the schedule of the xSS can be as follow:

	SS block 1
	SS block 2
	SS block 3
	SS block 4
	SS block 5
	SS block 6
	SS block 7
	SS block 8
	…
	SS block 18

	Cell 1, TRP 1, Beam 1
	Cell 1, TRP 1, Beam 2
	Cell 1, TRP 1, Beam 3
	Cell 1, TRP 1, Beam 4
	Cell 1, TRP 1, Beam 5
	Cell 1, TRP 1, Beam 6
	Cell 1, TRP 2, Beam 1
	Cell 1, TRP 2, Beam 2
	…
	Cell 1, TRP 3, Beam 6

	Cell 2, TRP 1, Beam 1
	Cell 2, TRP 1, Beam 2
	Cell 2, TRP 1, Beam 3
	Cell 2, TRP 1, Beam 4
	Cell 2, TRP 1, Beam 5
	Cell 2, TRP 1, Beam 6
	Cell 2, TRP 2, Beam 1
	Cell 2, TRP 2, Beam 2
	…
	Cell 2, TRP 3, Beam 6


· This option reduced the total measurement time by 50% in compare to option 1. But the delay still equals to half of the total number of beams within a cell. Another problem in this option is that it requires full coordination and synchronization between cells. It is also unclear when different number of TRPs per cell. In this case, may be maximum number of TRP will determine the total resource used.
· Option 4: All beams from all TRP from all cells transmit the same SS block (SFN)
· This option only require 1 resource to transmit. However, the UE measures the aggregated signal from all beams of each cell in the same SS block. As a result, no individual beam can be detected at the UE.

· The problem of this option may have coverage problem as shown in Figure 4 below. Due to this imbalance, the UE may re-select or handover to a cell unnecessarily or handover to a cell and found out the signal is not good enough. 
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Figure 4: Example of coverage imbalance problem
Observation 3: Different options of xSS transmission may impact the decision of using xSS for RRM in both idle and connected
Another challenge when a single SS block is reused by more than one TRP or more than one beam belonging to a single cell (e.g. option 2 or 4 is used) within the same cell is that individual beams/TRP cannot be identified by the UE, in this case regardless of wide beam or narrow beam is used, the UE may receive aggregated xSS signals from multiple beams (from different TRPs) shown in Figure 5. Since the same xSS will be sent by different TRPs, the UE will not be able to distinguish if the signal is from 1 beam or multiple beams. As a result, the SS burst set may look like the received signal in Figure 6 (right). The problem is multiple strong beams may be detected by comparing a threshold, but multiple aggregated weak beams cannot be distinguish until the UE forms the data channel and realize the signal is not good enough. 
Observation 4: Multiple xSS beams may be received at the UE in one SS block in multiple TRPs per cell scenario
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Figure 5: UE receives aggregated xSS signals from multiple TRPs within the same cell 
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Figure 6: Example of one SS burst set without aggregated beam (left), with aggregated beam (right)
Figure 6 left shows the signal measured by the UE for one SS burst set where the SS transmission is arranged to avoid any reuse of an SS block within one cell (e.g. option 1 or 3) and hence there is no aggregation of signals from different beam. One way to interpret this is that the UE can identify each beam in a SS block within the signal measured over the SS burst set. When aggregated beam happens, the signal measured by the UE for one SS burst set where the SS transmission may contain multiple beams within one SS block within one cell (e.g. option 2 or 4) and hence multiple aggregation of signals is measured within one SS block. As a result, the measurement may not be reflecting the actual channel condition, some mechanism may be needed to fix this issue. Another way is to choose an option above such that aggregated beam doesn’t happen. 
Observation 5: Each measurement in a SS block within a SS burst set is considered as a perceiving beam in UE point of view

During RAN2 discussion including agreement so far, the terminology of beam is used and in most cases, the understanding of “beam” is individual beam which can be uniquely identify. However, based on RAN1 latest agreement, at least in xSS, beam may not be uniquely identify. Therefore, we propose RAN2 to replace beam with SS block for all agreements so far and has the understanding that SS block may contain more than 1 beam as a working assumption.
Proposal: RAN2 to replace beam with SS block for all agreements so far and has the understanding that SS block may contain more than 1 beam as a working assumption.

3      Conclusion 
Observation 1: when wide beam is used for xSS and narrow beam is used for data, coverage imbalance will occur between measurement and actual data channel
Observation 2: offset may be configured by the network to minimize the imbalance for one TRP per cell case

Observation 3: Different options of xSS transmission may impact the decision of using xSS for RRM in both idle and connected

Observation 4: Multiple xSS beams may be received at the UE in one SS block in multiple TRPs per cell scenario

Observation 5: Each measurement in a SS block within a SS burst set is considered as a perceiving beam in UE point of view
Proposal: RAN2 to replace beam with SS block for all agreements so far and has the understanding that SS block may contain more than 1 beam as a working assumption.
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