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1 Introduction
During RAN2 NR adhoc meeting in January, the LS on NR Mobility from RAN1 was discussed and understanding on the LS was clarified.  
	=>	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 RAN1 NR adhoc meeting, following agreements were made for the RS for RRM in IDLE and CONNECTED.
	Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
Agreement:
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.


Following agreements were made for NR SS Periodicity.
	Agreements:
· RAN1 aims to select a default SS burst set periodicity for each agreed frequency range category from the following candidate values:
· For carrier frequency range #1 (below 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· For carrier frequency range #2 (above 6GHz): [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]
· Note that final set of frequency categories may include more than the above two categories


With the consideration of previous RAN2 and RAN1 works, in this contribution, we further discuss the impacts to mobility supporting if additional RS is considered. 
2 Discussion
2.1  RS for IDLE RRM
Based on the agreements, the always-on signals, NR synchronization signal or DM-RS are used for RRM measurement for L3 mobility in IDLE mode. One RSRP value is measured based on the IDLE mode RS per SS block, which is referred as “SS-block-RSRP”. It is clarified in RAN1 that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
In single-TRP deployment, one SS block is exactly corresponding to one beam. Different SS blocks can be considered as different beams.  The measurement quality of a cell can be derived from multiple SS-block-RSRPs. 
Observation 1:        In single-TRP deployment, one SS-block-RSRP is corresponding to one beam quality.
In multiple-TRP deployment, since multiple TRPs are synchronized and performs beam sweeping simultaneously, it’s possible that more than one beams can be received from different TRPs simultaneously in one SS block. If there is no beam-specific identification, UE can’t differentiate different beams in one SS block. So it is possible that the SS-block-RSRP is the RSRP aggregation/sum from multiple beams. 
Observation 2:    In multiple-TRP deployment, one SS-block-RSRP possibly corresponds to the quality aggregation for more beams. 
From UE aspect, if different beams in one SS block can’t be differentiated, the signals from different beams can be considered as multiple-paths of one beam and energy of those paths will be aggregated to derive the SS-block-RSRP. It may not be reflecting the actual channel condition and large channel variations is expected due to different numbers of beam aggregation during UE movement.  Furthermore, since UE can’t differentiate beams in one SS block, UE may need to perform UL beam sweeping for PRACH transmission even if there is channel correspondence available at the UE side. The latency of random access procedure will be prolonged. It is also possible that the TRP used as DL timing reference at the UE side for preamble transmission is different from the TRP where RAR with TA command is received. So UE UL timing is not aligned properly. Those impacts of beam collision in one SS block needs to be evaluated in RAN1. 
Observation 3:       In multiple-TRP deployment, beam aggregation in one SS block has impact on IDLE mode RRM and random access, which needs to be evaluated in RAN1. 
Even if the concerns of beam aggregation in one SS block need to be addressed, based on RAN1’s agreement, RAN2 can assume different SS blocks are corresponding to different beams. 
Proposal 1:             RAN2 assumes different SS blocks correspond to different beams. 
2.2  RS for CONNECTED RRM
Based on RAN1’s agreement that RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1), whether such additional RS will be defined or not has not been decided yet. It is understood that the main motivation to have additional RS for CONNECTED RRM is to save the energy consumption and system overhead by avoiding transmitting the ‘always-on’ signals with either high density or high beamforming gain. 
Whether additional RS for connected mobility is needed highly depends on the periodicity of the SS burst set. RAN1 will select a default SS burst set periodicity from the following candidate values [5ms, 10ms, 20ms, 40ms, 80ms, 100ms]. If SS burst set is transmitted with short periodicity, e.g. 5ms~40ms, additional RS for connected mobility is not needed. If SS burst set is transmitted sparsely with long periodicity, e.g. 100ms, additional RS for connected mobility is needed to meet the requirement of RRM measurement accuracy in connected. However, RAN2 can study the impact of the additional RS assuming the ‘always-on’ signals are transmitted with long periodicity.
Observation 4:        Whether additional RS will be defined has not been agreed in RAN1, which highly depends on the decision on the SS burst set periodicity. 
Observation 5:        Additional RS is needed when the ‘always-on’ signals are transmitted sparsely. Otherwise, it is not needed. 
Proposal 2:            RAN2 study the impact of additional RS assuming the ‘always-on’ signals are transmitted with long periodicity.
Considering the potential introduction of the additional RS for connected RRM, there are potentially following three cases to measurement different RS in CONNECTED. 
· Case 1: ‘Always-on’ signals in IDLE
· Case 2: ‘Always-on’ signal in IDLE+ additional RS in CONNECTED
· Case 3: Additional RS in CONNECTED only
In RAN2#96 meeting, RAN2 agreed that 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.  From aspect of RS used for RRM measurement, the agreed working assumption implies that NR cell defined for “IDLE mode” is also applicable for “CONNECTED mode”.  Even if additional RS may need to be used for CONNECTED RRM measurement, those additional RS should be associated to the NR cell in IDLE, no matter the physical cell IDs are associated by RRC message or hard-encoded in the additional RS.
Furthermore, since the ‘always-on’ signals carries cell ID, cell search during mobility in CONNECTED can be performed based on those signals. Based on the measurement and report on the ‘always-on’ signals for both serving cell and neighbouring cells, the additional RS can be configured properly. 
Proposal 3:              ‘NR cell’ identified by xSS is used to support cell-level mobility in both IDLE and CONNECTED. 
Proposal 4:             Both ‘always-on’ signal in IDLE and additional RS (if additional RS is defined) are used for RRM measurement in CONNECTED. 
If the additional RS is defined, the property of the additional RS compared with the ‘always-on’ signals needs to be considered. Unnecessary handover and cell reselection due to UE state transition (ping-pong effect) may occur if the cell coverage in IDLE and CONNECTED measured by UE are different. If the ‘always-on’ signals are transmitted with wider beams, while the additional RS are transmitted with narrow beams, the cell coverage measurement by UE in IDLE and CONNECTED will be different. Furthermore, it is well-known that xSS are transmitted in narrow band. If the additional RS are transmitted in wide band, it will also result in different cell coverage in IDLE and CONNECTED.
Observation 6:     The cell coverage observed in IDLE and CONNECTED is different if the additional RS is transmitted with different beam property, or with different bandwidth compared with NR-SS. It will result in unnecessary handover and cell reselection upon UE state transition. 
In RAN2#95bis meeting, RAN2 agreed that UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility and be able to identify a beam. If additional RS is defined for CONNECT mobility, the above agreements should also be applied. So different sets of additional RS are configured for the UE and each set is corresponding to a cell. Additional signalling overhead due to dedicated configuration are expected.  Reconfiguration for the additional RS is required due to UE mobility. The update frequency depends on UE mobility speed as well as the number of additional RS configured. Although the sets of additional RS can be non-UE-specific and shared by a group of UEs, dedicated configuration for each UE is needed. 
Observation 7:        Additional RS will introduce additional signalling overhead due to the dedicated configuration and reconfiguration during UE movement. 
Additional RS for CONNECTED RRM also implies that neighbouring cells are configured by the network for UE to support mobility. In LTE, cell search for neighbouring cells is performed by UE based on the detection of PSS. So UE performs neighbouring cell measurement based on self-detection, but not network configuration. If additional RS is configured for connected mobility, it’s possible that the neighbouring cells which can be detected by UE through NR-SS is different from the neighbouring cells configured by the network. If the neighbouring cell detected by UE is more than the neighbouring cell configured by the network, sub-optimal HO is performed. Otherwise, a full list of neighbouring cells and multiple sets of additional RS will be configured for each UE.  
It is also questionable how to support inter-frequency mobility if additional RS is used for RRM in CONNECTED. One possible way is that different sets of additional RS are configured for each frequency. So even larger amount of signalling overhead is expected. 
Observation 8:        Additional RS configuration for non-serving cells restricts neighbouring cell detection for both intra-frequency and inter-frequency mobility, and result in sub-optimal HO decision. Otherwise, large amount of RRC signalling overhead is expected. 
Proposal 5:              The design of the additional RS should consider following aspects and minimize the impact:
· unnecessary handover and cell reselection upon UE state transition
· the restriction on neighbouring cell detection
· additional signalling overhead due to dedicated (re)configuration
· inter-gNB coordination
Assuming different sets of additional RS are configured for each UE, how to associate each set of additional RS to a cell needs to be considered further. One option is that the physical cell ID is encoded in the additional RS. In this case, the association between the additional RS and the serving cell/neighbouring cells can be derived by UE itself. Another option is that the association between the additional RS and the serving cell/neighbouring cell is configured by RRC. In this case, tight coordination between gNB is required, since each cell should exactly know to which set of additional RS each cell is associated and shares the information with the neighbouring cells. 
Furthermore, it’s also questionable how to make UE identify different beams through the additional RS. One possible way is that a beam ID is encoded in the RS. So UE can explicitly identify different beams. Another possible way is that different beams are differentiated based on the T/F resource allocations. So UE needs to identify different beams implicitly through the parameters configured for the additional RS. 
Observation 9:        The association between the additional RS to different cells and different beams need to be supported. 
Proposal 6:              Each additional RS should be associated to a beam of a cell.  
3 Conclusions
In this contribution, we further discuss the impacts to mobility supporting if additional RS is considered.  Based on the observations:
Observation 1:        In single-TRP deployment, one SS-block-RSRP is corresponding to one beam quality.
Observation 2:    In multiple-TRP deployment, one SS-block-RSRP possibly corresponds to the quality aggregation for more beams. 
Observation 3:       In multiple-TRP deployment, beam aggregation in one SS block has impact on IDLE mode RRM and random access, which needs to be evaluated in RAN1. 
Observation 4:        Whether additional RS will be defined has not been agreed in RAN1, which highly depends on the decision on the SS burst set periodicity. 
Observation 5:        Additional RS is needed when the ‘always-on’ signals are transmitted sparsely. Otherwise, it is not needed. 
Observation 6:     The cell coverage observed in IDLE and CONNECTED is different if the additional RS is transmitted with different beam property, or with different bandwidth compared with NR-SS. It will result in unnecessary handover and cell reselection upon UE state transition. 
Observation 7:        Additional RS will introduce additional signalling overhead due to the dedicated configuration and reconfiguration during UE movement. 
Observation 8:        Additional RS configuration for non-serving cells restricts neighbouring cell detection for both intra-frequency and inter-frequency mobility, and result in sub-optimal HO decision. Otherwise, large amount of RRC signalling overhead is expected. 
Observation 9:        The association between the additional RS to different cells and different beams need to be supported. 
We propose:
Proposal 1:             RAN2 assumes different SS blocks correspond to different beams. 
Proposal 2:            RAN2 study the impact of additional RS assuming the ‘always-on’ signals are transmitted with long periodicity.
Proposal 3:              ‘NR cell’ identified by xSS is used to support cell-level mobility in both IDLE and CONNECTED. 
Proposal 4:             Both ‘always-on’ signal in IDLE and additional RS (if additional RS is defined) are used for RRM measurement in CONNECTED. 
Proposal 5:              The design of the additional RS should consider following aspects and minimize the impact:
· unnecessary handover and cell reselection upon UE state transition
· the restriction on neighbouring cell detection
· additional signalling overhead due to dedicated (re)configuration
· inter-gNB coordination
Proposal 6:              Each additional RS should be associated to a beam of a cell.  
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