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Introduction
In RAN1 meeting#88, the reference signals for inter-cell RRM measurements for CONNECTED and IDLE has been agreed as follows [1]: 
	Agreements:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreement:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead 
· Detection of neighbor cell for measurement is based on NR-SS



And the agreement in RAN2 meeting#97 [2]: 
Agreements
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2	An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3	Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.

Agreement:
1	Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE)
FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue)

In this contribution, we further discuss the benefits of support DM-RS for PBCH from RRM aspects. The benefits include measurement accuracy improvement and measurement latency reduction by considering UE RX beam sweeping. We also discuss RRM measurement in CONNECTED mode and CSI-RS configuration.
Discussion
The Use of DM-RS for PBCH for RRM Measurement
DM-RS for PBCH (PBCH-DMRS) may not be supported if it is not used for PBCH demodulation. However, the use of PBCH-DMRS for RRM measurement is beneficial by considering UE RX beam sweeping, because it enables UE to have multiple opportunities, provided by NR-SSS and PBCH-DMRS, to decide the better direction of UE RX beamforming within a SS-block. An illustration of UE RX beam sweeping is shown in Figure 1. The DM-RS for PBCH is placed in symbols 0, 2, 4, and 6, and UE can try different UE RX beamforming directions on different symbols.
The UE RX beam sweeping would be needed when UE equipped massive antennas. UE RX beams are naturally 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 loner measurement time.
Additionally, if PBCH-DMRS is supported, it can use both NR-SSS and PBCH-DMRS for RRM measurement to improve measurement accuracy, which is shown in the next section. Besides, similar to CRS in LTE, DM-RS for PBCH is able to be shifted among neighbouring cells to avoid inter-cell interference.
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[bookmark: _Ref471327516][bookmark: _Ref471380328]Figure 1. UE RX beam sweeping on symbols 0, 2, 4 and 6

Observation 1: DM-RS for PBCH in the SS block is beneficial to RRM measurement by considering UE RX beam sweeping. 

Evaluation Results on RSRP Accuracy by Using both NR-SSS and DM-RS for PBCH
In this section we present evaluation results on RSRP accuracy improvement by using both NR-SSS and PBCH-DMRS, where PBCH-DMRS is assumed with 12 REs per PRBs. The RSRP accuracy is presented as at the max(abs(5%-tile), abs(95%-tile)) of RSRP estimation error CDF, similar as stated in [3]. We assume that NR-SSS is unprecoded while PBCH-DMRS could be with/without precoder cycling, by considering the precoder cycling is one of transmission scheme for PBCH. The evaluation results are provided for below 6 GHz at different number of measurement samples for L1-filtering, and bandwidth of 12/25 PRBs for both NR-SSS and PBCH-DMRS are evaluated.
From Figure 2, it shows that RSRP accuracy with 25 PRBs is improved up to 0.4 dB by using both NR-SSS and PBCH-DMRS with fewer measurements. The improvement provided by the case of PBCH-DMRS with precoder cycling is slightly less than the case without precoder cycling, because the measured RSRP could be impacted by the precoding. However, the degradation is eligible since the measured RSRP is averaged out by different precoders along with PRBs. 
Results indicate that using both NR-SSS and PBCH-DMRS requires fewer L1 samples to achieve the required RSRP accuracy. We can consider RSRP absolute accuracy of 2 dB as a reference threshold, where the required RSRP accuracy shall be +/- 4.5 dB and we use RF margin of 2.5 dB. Therefore, by using both NR-SSS and PBCH-DMRS, it would potentially reduce measurement time, save SS-block overhead, and thus enable better support of large number of SS-block.
Observation 2: RSRP accuracy is improved by using both NR-SSS and PBCH-DMRS in a SS-block. The PBCH-DMRS could be with or without precoder cycling.
Proposal 1: NR-SSS and DMRS for broadcast channel (if defined) are used for RRM measurement in both IDLE and CONNECTED modes. 


[bookmark: _Ref471136471]Figure 2. RSRP absolute accuracy based on NR-SSS and PBCH-DMRS (25PRBs).

L3 Mobility in CONNECTED Mode
RRM measurement in CONNECTED mode
It has been agreed that UE detects neighbouring cells based on NR-SS, so RRM based on IDLE mode RS can be always performed in CONNECTED mode. And, the default SS burst set periodicity is TBD among 10, 20 ms, so it is beneficial to reuse IDLE mode RS for connected RRM by considering RS overhead, network energy efficiency, and UE implementation simplicity. 
[bookmark: _GoBack]Proposal 2: The RRM measurement based on IDLE mode RS is always performed in CONNECTED mode. The RRM measurement based on CSI-RS is configured optionally. 
In addition to IDLE mode RS, CSI-RS can be used based on gNB configuration. It should separately perform the RRM measurement based on IDLE mode RS and measurement based on CSI-RS, because they could have different bandwidth, transmission periodicity, and beam property including beam width, angular granularity, QCL. 
Proposal 3: The measurement based on IDLE mode RS and the measurement based on CSI-RS should be performed separately. 
For L3 mobility, UE needs to perform RRM measurement for neighbouring cells, and it is beneficial to avoid decoding PBCH of neighbouring cells, especially the PBCH could be different for every SS block belonging to one cell. If UE requires decoding PBCH of SS block from all neighbouring cells, it potentially increases the UE computation time and handover latency. 
Proposal 4: Decoding PBCH of neighbouring cells for L3 mobility should be avoided.

CSI-RS configuration for L3 mobility
CSI-RS can be used for individual beam measurement for L3 mobility. For example, in the case of multi-TRP deployment, SS-block-RSRP could be a combination of beams transmitted by different TRPs and it could not be enough for beam-level measurement. 
The configuration of CSI-RS for L3 mobility should be separate from the configuration of CSI-RS for L1 beam management or CSI acquisition. This is because RRM measurement reporting could be with different periodicity (e.g. longer periodicity), and the bandwidth and beam property could also be different. Furthermore, inter-gNB signaling is involved in CSI-RS for L3 mobility, because UE needs to be configured to measure CSI-RS resources from neighbouring cells, so the configuration methodology will also be different from L1 beam management or CSI acquisition.
Proposal 5: CSI-RS for L3 mobility and CSI-RS for L1 beam management are separately configured.
CSI-RS identification can be used to indicate which CSI-RS resource should be measured, and beams from different TRPs and different cells are able to be configured with different CSI-RS resources, i.e., each beam corresponding to one CSI-RS resource. The association between the CSI-RS resource and cell ID is configured by RRC signalling, including serving cell and neighbouring cells, so UE is able to know the measured CSI-RS belonging to which cell. With cell ID association, UE can perform RRM measurement and trigger measurement report by considering N best beams of one cell.
Proposal 6: The association between the CSI-RS and cell ID is configured by RRC.

Conclusion
In this contribution, we have discussed the benefits of support DM-RS for PBCH from RRM aspects. We also have discussed RRM measurement in CONNECTED mode and CSI-RS configurations. We have the following observations and proposals: 
Observation 1: DM-RS for PBCH in the SS block is beneficial for UE RX beam sweeping to obtain RRM measurement. 
Observation 2: RSRP accuracy is improved by using both NR-SSS and PBCH-DMRS in a SS-block. The PBCH-DMRS could be with or without precoder cycling.
Proposal 1: NR-SSS and DMRS for broadcast channel (if defined) are used for RRM measurement in both IDLE and CONNECTED modes. 
Proposal 2: The RRM measurement based on IDLE mode RS is always performed in CONNECTED mode. The RRM measurement based on CSI-RS is configured optionally. 
Proposal 3: The measurement based on IDLE mode RS and the measurement based on CSI-RS should be performed separately. 
Proposal 4: Decoding PBCH of neighbouring cells for L3 mobility should be avoided.
Proposal 5: CSI-RS for L3 mobility and CSI-RS for L1 beam management are separately configured.
Proposal 6: The association between the CSI-RS and cell ID is configured by RRC.
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