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Introduction
In RAN1 NR ad-hoc meeting, the reference signals for inter-cell RRM measurements for CONNECTED and IDLE has been agreed as follows [1]: 
	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.



In this contribution, we further discuss the benefits of support DM-RS for PBCH from RRM aspects. The benefits include measurement accuracy and UE RX beam sweeping. We also discuss the RSRP measured from IDLE mode RS and from the additional RS for CONNECTED mobility.
Discussion
The IDLE mode RS
The following "always-on" physical signals could exist in SS block:  
· NR-PSS
· NR-SSS
· DM-RS for PBCH if supported. 
Those physical signals can be altogether considered for RRM measurement to improve measurement accuracy without additional RS overhead. If "SS-block-RSRP" is sufficiently accurate, UE will need fewer measurements to achieve RSRP accuracy, and it is beneficial for UE's power consumption and latency reduction. In addition, the additional RS in CONNECTED mode will not be needed if "SS-block-RSRP" is sufficiently accurate, and thus it saves additional RS overhead.
Proposal 1: NR should study how to support all "always-on" physical signals in SS block for DL RRM measurement to improve measurement accuracy.
NR-PSS
Even though, NR-PSS is expected to accommodate few sequences, and UE would not associate the measurements on NR-PSS to cells if neighbouring cells use the same sequence. 
NR-SSS
The number of NR-SSS sequences could be adequate to identify measured cells. In legacy LTE, 504 PCIs are provided to avoid CRS sequence collision, and NR-SSS should also accommodate sufficient sequences to avoid sequence collision. Nevertheless, the measurement accuracy of NR-SSS in multi-cell scenario needs to be carefully evaluated because NR-SSS is fully overlapped with neighbouring cells. Moreover, in high mobility scenario, other pilots in addition to NR-SS are expected for fine synchronization.
Observation 1: The number of NR-SSS sequences should accommodate sufficient sequences to avoid sequence collision, compared to LTE CRS. And the measurement accuracy of NR-SSS in multi-cell scenario needs to be carefully evaluated because NR-SSS is fully overlapped with neighboring cells.

DM-RS for PBCH
DM-RS for PBCH may not be supported if NR-SS is sufficient for PBCH demodulation. However, if DM-RS for PBCH is supported, it should be taken into account for RRM measurement to improve measurement accuracy. Similar to CRS in LTE, DM-RS for PBCH is able to be shifted among neighbouring cells to avoid inter-cell interference.
Additionally, if multi-symbol PBCH is supported, it is beneficial for UE RX beam sweeping. An illustration of UE RX beam sweeping is shown in Figure 1. The two ports of DM-RS for PBCH is placed in symbols 0, 2, 4, and 6, and UE can use the DM-RS for PBCH for RX beam sweeping. As a result, UE is able to measure multiple UE RX beams in one SS block, by multi-symbol PBCH-DMRS. The corresponding SS block design refers to our companion paper [2].
The UE RX beam sweeping would be needed when UE equipped massive antennas. UE beam naturally will be directional with massive antennas, and it needs UE RX beam sweeping for RSRP monitoring to receive the signal power from all directions. Without multi-symbol RS in one SS block, it may require multiple SS blocks for UE RX beam sweeping, and it takes time, especially for SS block with long periodicity.
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On top of that, this DM-RS for PBCH serves multiple purposes including channel estimation for the demodulation of PBCH, channel estimation for RRM measurement, time frequency synchronization during initial access and reference signals for beam management measurement.
Observation 2: DM-RS for PBCH in the SS block is beneficial for UE RX beam sweeping to obtain RRM measurement. 
Proposal 2: NR should support DM-RS for PBCH for DL RRM measurement. 
RSRP measured from IDLE mode RS
According to the agreement in NR ad-hoc meeting, one RSRP value is measured from the IDLE mode RS per SS block, and it is referred as “SS-block-RSRP”. 
In single-TRP deployment, one SS-block-RSRP is exactly corresponding to the quality of one beam, because UE can identify beams by time index of SS blocks.
Observation 3: In single-TRP deployment, one SS-block-RSRP is corresponding to the quality of one beam.
In multi-TRP deployment, multiple beams could be received from different TRPs simultaneously in one SS block. If there is no beam-specific (or TRP-specific) identification, UE cannot identify different beams in one SS block. So the SS-block-RSRP is actually measured from a combination of multiple beams. 
Observation 4: In multiple-TRP deployment, one SS-block-RSRP is possible corresponding to the quality of a combination of multiple beams if beam index is absent in SS block. 
From UE’s aspect, if different beams in one SS block cannot be identified, the signals from different beams are regarded as multi-path of one signal, and it could be constructive or deconstructive. In addition, large variation on SS-block-RSRP is expected, especially in ultra-dense deployment, because it could aggregate different number of beams when UE changes its location. Therefore, the impact on cell-level quality derivation should be evaluated if UE is not able to identify different beams in one SS block. 
Proposal 3: In multiple-TRP deployment, whether and how to identify different beams in one SS-block-RSRP should be further studied.
Additional RS for CONNECTED Mobility
In RAN2#96 meeting, RAN2 agreed a working assumption 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[3]. However, the additional RS in CONNECTED mode could be needed if "SS-block-RSRP" cannot achieve accuracy requirement in CONNECTED mode. Because the additional RS would also introduce additional RS overhead, it is preferred to reuse the IDLE mode RS for CONNECTED mobility.
Proposal 4: Both “IDLE mode RS” and additional RS (if it is defined) are used for CONNECTED mobility measurement.
To acquire synchronization for RSRP measurement in CONNECTED mode, there are two scenarios would be considered, intra-frequency measurement and inter-frequency measurement. For the intra-frequency measurement, UE is able to monitor SS-blocks from neighboring cells, and thus the cell ID and synchronization can be acquired by NR-SS. For inter-frequency measurement, if the periodicity of SS block is not longer than the periodicity of measurement gap, the cell ID and synchronization can also be acquired by NR-SS. Whether the periodicity of SS block would be longer than the periodicity of measurement gap is FFS. Furthermore, the additional RS itself could provide fine synchronization like LTE CRS. 
Proposal 5: In CONNECTED mode, NR-SS is used for coarse synchronization as well as cell ID detection, and additional RS itself could provide fine synchronization.
To avoid additional signaling overhead caused by dedicated configuration, the configuration parameters of the additional RS are expected to be non-UE-specific, e.g., beam-specific. 
Proposal 6: Configuration parameters of the additional RS are non-UE-specific, e.g., beam-specific. 
Also, it is preferred that the additional RS in CONNECTED to reuse the same RS structure as IDLE mode RS, e.g. the same RS pattern and sequence generation. If the structure of DM-RS for PBCH and additional RS have the same RS structure, it is beneficial for UE implementation, because it avoids multiple hardware designs for RRM measurement. 
Conclusion
In this contribution, we have discussed the benefits of support DM-RS for PBCH from RRM aspects. We also have discussed the RSRP measured from IDLE mode RS and from the additional RS. Observations and proposals are summarized as follows.
Proposal 1: NR should study how to support all "always-on" physical signals in SS block for RRM measurement to improve measurement accuracy.
Observation 1: The number of NR-SSS sequences should accommodate sufficient sequences to avoid sequence collision, compared to LTE CRS. And the measurement accuracy of NR-SSS in multi-cell scenario needs to be carefully evaluated because NR-SSS is fully overlapped with neighboring cells.
Observation 2: DM-RS for PBCH in the SS block is beneficial for UE RX beam sweeping to obtain RRM measurement. 
Proposal 2: NR should support DM-RS for PBCH for DL RRM measurement. 
Observation 3: In single-TRP deployment, one SS-block-RSRP is corresponding to the quality of one beam.
Observation 4: In multiple-TRP deployment, one SS-block-RSRP is possible corresponding to the quality of a combination of multiple beams if beam index is absent in SS block. 
Proposal 3: In multiple-TRP deployment, whether and how to identify different beams in one SS-block-RSRP should be further studied.
Proposal 4: Both “IDLE mode RS” and additional RS (if it is defined) are used for CONNECTED mobility measurement.
Proposal 5: In CONNECTED mode, NR-SS is used for coarse synchronization as well as cell ID detection, and additional RS itself could provide fine synchronization.
Proposal 6: Configuration parameters of the additional RS are non-UE-specific, e.g., beam-specific. 
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