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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

In this contribution, we further study the impact when different SS burst configuration is used for RRM measurement.
2      Discussion
Below is RAN1 agreements on RRM measurements from last 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 RAN1, one of the option discussed is that xSS is transmitted using wide beam while narrow beam is used for data as shown in Figure 1. 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 1: Coverage imbalance when xSS wide beam (orange) is used and narrow data beam (blue) is used
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Figure 2: Multiple TRP per cell scenario

When multiple TRPs are deployed per cell, there are different ways to transmit xSS per beam per TRP per cell. Each of the method may have different impact in term of delay, aggregated signal, coordination issue between cells/TRPs, etc… Below are some options of 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 allocate a different resource for the xSS transmission. This option, the UE will only receive exactly one beam per resource. 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:

	t1
	t2
	t3
	t4
	t5
	t6
	t7
	t8
	…
	t36

	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 x from the all cells transmit at the time (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: 
	t1
	t2
	t3
	t4
	t5
	t6

	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. 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. For example, cell 1, TRP 1, 2 and 3 beam 1 are aggregated. Please find more detail in next section.
· Another problem of this option 

· The advantage of this is reduced delay to number of beams per TRP in compare 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 resource. 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:

	t1
	t2
	t3
	t4
	t5
	t6
	t7
	t8
	…
	T18

	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 resource 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 time (SFN)
· This option only require 1 resource to transmit. However, the UE measures the aggregated signal from all beams of each cell. 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 3 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 3: Example of coverage imbalance problem
Observation 3: Different option of xSS transmission may impact the decision of using xSS for RRM in both idle and connected
Another challenge when multiple TRPs are deployed (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 4. 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 may look like the received signal in Figure 5 (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 multiple TRPs per cell scenario
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Figure 4: UE receives aggregated xSS signals from multiple TRPs within the same cell 
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Figure 5: Example of one SS burst without aggregated beam (left), with aggregated beam (right)
Figure 5 left shows one SS burst without aggregated beam and aggregated beam on the right. One way to interpret this that the UE identify each beam by each peak within the burst. When aggregated beam happens, 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 peak within a SS burst is considered as a beam in UE point of view

Proposal: RAN2 considers each peak within a SS burst as a beam as working assumption. RAN2 should ask RAN1 whether each beam within a SS burst can be provided to RRC layer 
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 option 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 multiple TRPs per cell scenario
Observation 5: Each peak within a SS burst is considered as a beam in UE point of view

Proposal: RAN2 considers each peak within a SS burst as a beam as working assumption. RAN2 should ask RAN1 whether each beam within a SS burst can be provided to RRC layer
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