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1
Introduction
Frequencies up to 100GHz will be considered in the NR study. Measurement based on DL RS has been widely discussed with some achievement. The main progress related to the discussion here is listed as bellowing:
From RAN2#94:

· Two levels of network controlled mobility:
RRC driven at 'cell' level.
Zero/Minimum RRC involvement (e.g. at MAC /PHY)
From RAN2#95:

· In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)
· The non-UE specific RS can be found by the UE without much configuration
· The non-UE specific RS encodes an identity
FFS1
Is RS in connected the same as "xSS"
FFS2 
What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else
FFS3
Does the UE have to be able to somehow identify a grouping from this identity
From RAN2#95bis:

· UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
FFS: whether UE report individual and/or combined quality of multiple beams
· Study how to derive a cell quality based on measurements from individual beams 
· In connected mode, intra-cell mobility can be handled by mobility without RRC involvement.
FFS whether there may be cases that do require RRC involvement.
· For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality
With the above progress, the RRM measurement based on DL RS (Reference Signal) in the connected mode will be discussed in this contribution, including:

· the scope of RRM measurement;

· the RS for RRM measurement;

· the framework for RRM measurement;

· the performing of RRM measurement: includes the consideration on measurement configuration, measurement reporting and measurement gap.
2
Discussion
2.1 The scope of RRM measurement
Typically, RRM measurement in connected mode is performed to facilitate connection mobility control thus the high layer (e.g. RRC) besides PHY shall be involved. 
In RAN2#94, it has been agreed that there will be two levels of network controlled mobility in NR:
·  RRC driven at 'cell' level.

·  Zero/Minimum RRC  involvement (e.g. at MAC /PHY)

In our companion contributions [1][2], the essential characteristics of ‘NR cell’ have been analysed. According to the agreement at RAN2#94, NR eNB corresponds to 1 or many TRPs. The creation of ‘NR cell’ is largely based on the network deployment. TRPs that are unsynchronized, connected with non-ideal backhaul and/or have limited coordination capabilities typically need to create different cells. These different cells are scheduled by individual MAC entities. While synchronized TRPs with ideal backhaul do not have to create different cells. That is to say, these TRPs can form a single ‘NR cell’ and scheduled by a single MAC entity. So in other words, a ‘NR cell’ can correspond to one or many TRPs but can only be linked to one MAC entity no matter how many TRPs it has. Based on these concepts, for the case of mobility among different beams or TPRs managed by the same MAC, the mobility takes place within a single MAC entity. Due to the fragile of the high frequency, even a trivial rotation and/or movement in the receiver will result in the frequent beam change. So this kind of mobility should be actually regarded as ‘beam management’ or ‘beam tracking’, which should be handled at low layer (e.g. at MAC /PHY) as much as possible with zero or minimum RRC involved. It should be noted that, till now in RAN1, the mobility with zero/minimum RRC involvement is mainly discussed in the context of L1/L2 beam management. While for the case of mobility among beams or TRPs managed by different MAC entities, the mobility takes place with the change of MAC entity. In this case, the MAC needs to be reconfigured and rest, the logical channels should be switched from the source RLC to the target RLC etc. Thus higher layer procedures are unavoidable, i.e. it is a RRC driven ‘cell’level mobility. So RRM measurement in connected mode needs to be performed to facilitate this kind of RRC driven ‘cell level’ mobility.
Proposal 1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility with the change of MAC entity.
2.2 The RS for RRM measurement
In RAN1#86bis [4], an NR-SS has been agreed for the purpose of synchronization and cell detection. While a lot of options of DL signals for idle mode RRM measurement are listed without the final conclusion. To minimize the always-on DL signals in NR, the NR-SS should also be used for idle mode RRM measurement if the measurement requirement can be met. Otherwise, an additional always-on cell specific mobility RS(MRS) should be introduced. Please refer to our companion contribution [3] in RAN1 for further information. 
And according to the discussion above, in the NR, the creation of ‘NR cell’ is largely based on the network deployment. TRPs that are unsynchronized, connected with non-ideal backhaul and/or have limited coordination capabilities typically need to create different cells which have individual MAC entities. While synchronized TRPs with ideal backhaul can create a single ‘NR cell’ with one single MAC entity. Due to the fact that different “NR cells” may be deployed by different operators. So it should not be expected that there’re always direct interfaces (i.e. Xn interface) between different ‘NR cells’. In other words, inter-node mobility without direct Xn interface should be supported anyway. In this situation, no UE specific reference signal configuration can be coordinated between neighbouring ‘NR cells’. So to support connected mode detection and RRM measurement for cells without direct Xn interface or for cells that only transmit the always-on cell specific NR-SS (maybe also additional MRS), also the connected mode RRM measurement and reporting based on the signals used by idle mode RRM measurement should be supported. Our companion contribution [2] in RAN1 can be referred for further information.
Proposal 2: Connected mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
However, to minimize the always-on signals, the signals used by idle mode RRM measurement are most probably sparsely transmitted. So it may not sufficient for meeting the connected mode RRM measurement. If this is true after RAN4’s evaluation, some additional RS should be introduced besides. It could be simply the densification of the signals used by idle mode RRM measurement. Or it could be to reuse the RS for L1/L2 beam management. The decision is dependent on RAN1’s decision. Please refer to our companion contribution [2] in RAN1 for further information.
Proposal 3: Additional RS may need to be introduced for RRM measurement in the connected mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
It should be noted that both the above signals for RRM measurement can be transmitted in a beam sweeping fashion.
2.3 The framework for RRM measurement
RRM measurement is a fundamental function in the legacy system and is well optimized from UMTS to LTE. The network controls the RRM measurement for connected mobility by configuring a set of measurement object list, reporting configuration list, and measurement identities list. Each measurement identity (MID) is configured to link one measurement object (MO) with one measurement reporting configuration (RC) and is used as a reference number in the measurement report. So by configuring multiple MIDs in LTE, it is possible to link more than one MO to the same RC, as well as to link more than one RC to the same MO, which is illustrated in Fig.1.
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Fig. 1 RRM measurement framework in LTE
With the above optimized framework, the RRM measurement in LTE can be configured with the greatest flexibility but consuming the least signalling overhead.
Despite the use of high frequencies and the new designed measurement reference signals, the RRM measurement framework in LTE remains optimal in NR. It makes good sense to take the RRM measurement framework in LTE as a baseline in NR.
Proposal 4:  It makes good sense to take the RRM measurement framework in LTE as a baseline in NR.
2.4 The performing of RRM measurement
It makes good sense to take the RRM measurement framework in LTE as a baseline in NR. But considering that the legacy RRM measurement is based on the omin-directional or wide beamed CRS transmitted in every subframe and every physical resource block while the RRM measurement in NR may be based on reference signals transmitted with beam sweeping, which may not even exist in each subframe, each physical resource block. So the legacy RRM measurement mechanism should be re-evaluated to accommodate this new situation.
Measurement configuration
For intra-LTE measurement, a measurement object is a single carrier frequency. Although associated with this carrier frequency, a list of cell specific offsets and a list of ‘blacklisted’ cells can be configured. Typically the network just configures this single carrier frequency in practice.
As discussed above, RRM measurement in the connected mode should at least based on the cell specific signals used by idle mode RRM measurement. Besides that, additional RS may be introduced to meet the measurement requirement in connected mode. Both signals can be transmitted with beam sweeping. So for measurement configuration, one question is besides the mandatory required carrier frequency and optionally configured cell specific information in the current single measurement object, whether additional information should be configured, e.g. some beam specific parameters? This question is somehow dependent on RAN1’s decision. From the perspective of higher layer, the beam specific parameters in measurement configuration will increase the signalling in the air interface and may result in the inter-node beam specific configuration coordination on the Xn interface (e.g. if the additional RS is UE specific), especially if the number of beams in each cell is big and the configuration updates frequently. This will not only cause a lot of signalling overhead in both interfaces but also weight the network planning burden. So if beam specific parameters should be included anyhow after RAN1’s decision, it should be designed that the signalling overhead keeps as less as possible.
Proposal 5: From RAN2 perspective, the measurement configuration philosophy in LTE should be reused as much as possible. If beam specific parameters are unavoidable anyhow from RAN1’s decision, it should be designed that the signalling overhead keeps as less as possible.
Measurement reporting
For ‘cell level’ mobility, the mobility takes place from one cell to another with the change of MAC entity, requiring inter-node signalling and inter-node data routing. To ensure higher mobility success, reliable service continuity and reduce inter-node signalling, the mobility decision should be as precise as possible. So the measurement reporting for ‘cell level’ mobility should be reliable enough to reflect the general measurement result of a cell in an accumulated time. 
In LTE, RRM measurement is based on the omni-directional or wide beamed CRS. The measurement reporting is evaluated and triggered in RRC just based on these cell level measurement results received from PHY. While in NR, the signals used for RRM measurement can be transmitted with beam sweeping as indicated above. In addition the additional RS besides the signal used also for idle mode RRM measurement may be the reusing of RS for L1/L2 beam management which can be identified / differentiated on each beam. So one critical issue we have to figure out for the ‘cell level’ measurement reporting is how to translate these raw beam specific measurement results to cell specific measurement results? To resolve this issue, the potential methods are listed in the following table with the impacts on both PHY and RRC analysed.
Table.1
	
	Method description
	Impacts on PHY and RRC

	Alt.1
	Measurement results of the best beam from PHY to RRC for each individual cell;
RRC takes the results of the best beam as the results of the corresponding cell and in this way, all the incumbent cell based measurement reporting criteria can be reused;
	Simple for both PHY and RRC: beams are transparent to RRC;
All the incumbent (e.g. LTE) cell based measurement reporting criteria and procedure can be reused;

	Alt.2
	Average measurement results of the N beams from PHY to RRC for each individual cell;
RRC takes the average results as the results of the corresponding cell and in this way, all the incumbent cell based measurement reporting criteria can be reused;
	Some average criteria for the N beams needs to be introduced in PHY (Maybe need not to be specified, just left to PHY implementation);
Simple for RRC: beams are transparent to RRC; All the incumbent (e.g. LTE) cell based measurement reporting criteria and procedure can be reused;

	Alt.3
	Measurement results of all the detected beams from PHY to RRC for each individual cell;
RRC gets all the raw beam specific measurement results. Some kind of filtering is needed to transfer these beam specific measurement results to cell specific measurement results before performing the incumbent cell based measurement reporting criteria. And/Or some new measurement reporting criteria based on these beam specific measurement results should be introduced.
	Simple for PHY;
Whole beam specific information for RRC: beams are visible to RRC and RRC can get all the beam specific measurement results;
Complex for RRC: Some kind of filtering is needed to transfer these beam specific measurement results to cell specific measurement results before performing the incumbent cell based measurement reporting criteria. And/Or some new measurement reporting criteria based on these beam specific measurement results should be introduced.

	Note: other alternatives are not ruled out.


Proposal 6: To translate the raw beam specific measurement results to cell specific measurement results, the alternatives in Table.1 needs for further study.
Measurement gap
In LTE, measurement gap is configured for inter-frequency measurement according to UE’s RF capacity. This is also true for 5G. While for intra-frequency measurement in the NR, whether the UE can perform intra-frequency measurement without measurement gap as in LTE should be reappraised.
To reduce the always-on signals in the NR, the signals for measurement may be transmitted in a more confined time and frequency manner. So if it can’t be ensured that all of the cells transmit the RS within the same time window, measurement gap will be required even for intra-frequency measurement. In addition, unlike the Omni-directional CRS in LTE, the RS may be transmitted in high directional beams. So besides the time and frequency, we have an extra spatial dimension. Even it can be ensured that all the cells transmit RS wihin the same time window, it is maybe not realistic for a single receiver to manage data transmission in the serving cell/TRP and perform beam sweeping measurement in the neighbouring cell/TRP simultaneously. So unlike LTE, measurement gap may be needed in the NR even for intra-frequency measurement. 
To work on high frequencies, different NR-UE may have different beamforming architectures and the different beamforming architectures may have different measurement gap requirements. So besides the supported band capacity, the supported beamforming architecture in UE may need to be reported to the network. More measurement gap patterns may need to be specified and the network can configure the proper measurement gap pattern for UE according to the corresponding UE’s RF capacity.
Proposal 7: Measurement gap may be needed in the NR even for intra-frequency measurement.
3
Conclusion
In this contribution, some consideration on the RRM measurement in connected mode is given with the following proposals:
Proposal 1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility with the change of MAC entity.
Proposal 2: Connected mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.

Proposal 3: Additional RS may need to be introduced for RRM measurement in the connected mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
Proposal 4:  It makes good sense to take the RRM measurement framework in LTE as a baseline in NR.
Proposal 5: From RAN2 perspective, the measurement configuration philosophy in LTE should be reused as much as possible. If beam specific parameters are unavoidable anyhow from RAN1’s decision, it should be designed that the signalling overhead keeps as less as possible.
Proposal 6: To translate the raw beam specific measurement results to cell specific measurement results, the alternatives in Table.1 needs for further study.
Proposal 7: Measurement gap may be needed in the NR even for intra-frequency measurement.
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