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Introduction
In RAN1#87, the signals used for DL-based mobility were discussed. Both IDLE and CONNECTED mode mobility were considered. The following agreements and FFSs were captured:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}
· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)
· Accuracy of the RS measurement quantity
· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:
· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 



In this paper, we will address what signal to use for DL-based CONNECTED mode mobility. In particular, we will discuss options 1-1 and 2-1. We will also mention option 2-3.
RAN1 also received and LS from RAN2 asking the following question:
RAN2 respectfully asks RAN1 to take these updates into account in the design of reference signals and synchronization signals, definition of identifiers, initial access and mobility.
As it can be seen from the RAN2 agreements, one of the open issues was how the cell in connected relates to the cell in Idle. A specific issue that was identified as relevant:
What are the RAN1 assumptions on whether the signals supporting idle or connected mode operations are transmitted in the same manner or not such as in terms of beamforming configuration (e.g. single beam, multi-beam)?

This contribution addresses the question raised by RAN2.
[bookmark: _Ref178064866]Discussion
In LTE, an IDLE UE selects and reselects its serving cell. The LTE cell is in general defined by its synchronization signals (PSS/SSS). Upon detecting and synchronizing with the PSS/SSS the UE knows the cell ID (PCI). Tightly connected with the PSS/SSS is also the acquisition of system information. Hence, PSS/SSS serves the purpose of an idle mode synchronization signal.
In LTE, an RRC_CONNECTED UE measures the quality of neighbour cells, and evaluate them as potential handover candidates. Here, the PSS/SSS is again used to identify the cell, and the measurement on the corresponding CRS is reported to the serving eNodeB, which uses the report to prepare the target eNodeB for the coming handover. Here, the PSS/SSS serves the purpose of a connected mode synchronization signal.
In LTE, the PSS/SSS is transmitted every 5ms. For extreme handover scenarios, such frequent transmissions are required to ensure good handover performance. Hence, the period has been selected to fulfil the CONNECTED mode requirement. For IDLE mode performance, such frequent transmissions are unnecessary: adequate IDLE mode performance may be obtained with much sparser transmissions. With small additions to the standard, e.g., introduction of an IDLE mode measurement window, sufficient IDLE mode performance can in many deployments be obtained with an idle mode synchronization signal periodicity of 100ms. Hence, we can make the following observation:
[bookmark: _Toc461613944][bookmark: _Toc461613959]Connected mode synchronization signals may need to be frequently transmitted, whereas the idle mode synchronization signals can be transmitted with low periodicity.
By using sparse transmission of signals in IDLE mode and more frequent transmissions as soon as any RRC_CONNECTED UE needs to be served, network energy consumption can be minimized [1]. One step in that direction was taken in the small cell enhancements work, where the PSS/SSS was sparsely transmitted on a carrier which had not been activated for any UE. Additional PSS/SSS were then transmitted when the carrier was activated for at least one UE. The situation is illustrated in Figure 1.
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Figure 1: Transmission of idle mode and connected mode synchronization signals. The periodicity of the idle mode synchronization signals is chosen to obtain competitive performance for idle mode procedures: cell reselection, system information acquisition and random access. 
Furthermore, the system becomes more future compatible, since there are less always-on signal transmissions that need to be considered when designing future transmissions schemes. In addition, with sparse transmission of always-on signals, the amount of overhead can be kept to a minimum, since signals are only frequently transmitted when needed. Note that even for UEs in RRC_CONNECTED mode, 5ms periodicity is only required to handle extreme situations. In almost all situations, sparser transmissions are sufficient also for connected mode procedures.
Finally, when deployed in unlicensed spectrum, frequent transmission (e.g. every 5ms) of Idle mode signals is not allowed. For such deployments, sparser transmissions must be utilized. Such a sparse transmission scheme has been introduced in LAA, and is also being introduced in MulteFire. NR should be designed from the beginning to operate in unlicensed bands, as well as under other licensing schemes. 
Sparse transmission of idle mode synchronization signals is crucial for network energy consumption and future compatibility. Operation in unlicensed bands requires that the Idle mode signals are sparsely transmitted. 
Based on the two observations above, we make the following two proposals:
In NR, idle mode procedures should fulfil all relevant KPIs with sparsely transmitted, e.g., every 100ms, synchronization signals.
The UE may rely on additional synchronization signals when in RRC_CONNECTED mode.  
To fulfil the requirements on idle mode procedures with sparsely transmitted synchronization signals, additional functionality may have to be introduced on the network side. For instance, the network may provide a measurement window, similar to the DMTC window in LAA, to aid the UE during cell reselection, and the network then ensures that all relevant idle mode synchronization signals are transmitted in that measurement window.
As was previously mentioned, sparse transmission of idle mode signals has been introduced also in LTE for specific deployments, e.g., in small cells, or for operation in unlicensed bands. For NR, we thus propose to extend such operation to more deployments. Only in rare cases, frequent transmission of idle mode signals should be required.
One of the most repeated motivations for 5G is that 5G should enable full use of advanced antennas. Both analog and digital beamforming should be supported, and provide extended coverage, increased cell-edge throughput, and improved capacity. When the deployment is dimensioned to provide high cell-edge bitrates by using an advanced antenna system, signals such as system information and reference signals for cell reselection and initial access can still achieve sufficient coverage with wide-beam or even omni-directional transmission. Still, the advanced antenna is crucial in connected mode, where it is used to boost data rates to individual UEs. To perform measurements and to execute the handover to a target node, the UE must be able to receive the connected mode synchronization signal at the same time as it is receiving data. We can thus make the following proposal:
[bookmark: _Toc461613945][bookmark: _Toc461613960]In NR, it must be possible to receive connected mode synchronization signals while at the same time receiving massively beamformed data. 
Naturally, the power of the signal received at the UE will be high as a result of the beamforming. To enable simultaneous reception of the data signal and the synchronization signal, they must be received at the UE with similar powers. To be more precise, the received power of both signals must fall inside the dynamic range of the UE receiver. 
To illustrate this challenge, we have performed a simulation for a representative urban deployment. The most important simulation conditions are summarized in the appendix. In Figure 2, the CDF of the received power is depicted for different antenna configurations. From Figure 2, we note that in the absence of any interference, the idle mode synchronization signal can be reliably detected without beamforming, and it would be quite attractive to be able to avoid beamforming the SS block. However, it will be challenging to detect a non-beamformed signal at the same time as we detect a beamformed data transmission, since that transmission will be received with a significantly higher power. In Figure 2, we can see that the difference in received power will be in the order of 20dB for a 128 element antenna, as expected. In fact, the problem is even worse, because we would like to detect signals that are weaker than the serving cell synchronization signal: we would like to receive signals that are at least 6dB than that of the serving cell. Hence, in the example above we would like to reliably detect a signal that is more than 26dB weaker than the data transmission. This would require a dynamic range in the UE receiver of some 30dB. 


Figure 2: The received power resulting from different antenna configurations: N rows x M columns.
We can note that the requirement only applies to the connected mode synchronization signal. When the UE is in IDLE mode, it is not receiving data using high-gain beamforming, and the dynamic range problem in Figure 2 does not occur.
To circumvent the issue of simultaneous reception of omni-transmissions and beamformed transmission, we may introduce transmission gaps in the beamformed transmissions. This transmission gap needs to be long enough so that all relevant intra-frequency neighbors can be measured. There are two major drawbacks associated with this approach: i) there is a loss in performance due to the overhead ii) the neighbouring connected mode synchronization signal transmissions needs to be coordinated with the transmissions gaps. Hence, even with frequent connected mode synchronization signal transmissions, the UEs cannot perform intra-frequency measurements at any time.
If transmission gaps are undesirable, any signal that we want to receive at the same time as the beamformed data transmission needs to be beamformed as well so that it falls in the UE receiver window. Of course, this is true also for the idle mode synchronization signal. Hence, if we want to ensure that we can receive the idle mode synchronization signal in connected mode, it has to be beamformed as well, even when beamforming is not required for coverage reasons. This beamforming of the idle mode synchronization signal leads to increased overhead for system information provisioning. It also complicates the network planning. 
As previously explained, broadcast of system information (SI) is tightly related to the transmission of the idle mode synchronization signal. To broadcast SI, it is highly desirable to be able to rely on SFN (single-frequency network) transmission [2]. Minimal system information is well-suited for SFN transmission: the SI is often the same over large areas, it needs to be provided via broadcast and coverage on the cell border is challenging. We thus propose:
[bookmark: _Toc461613946][bookmark: _Toc461613961]In NR, it should be possible to distribute the system information using SFN transmission over many TRPs.
As the idle mode synchronization signal may be used as the synchronization source used to receive some of the SI, it needs to use the same transmission scheme as the SI. When the idle mode synchronization signal is transmitted over such an SFN cluster, the UE is unable to distinguish the idle mode synchronization signals transmitted from individual TRPs, leading to the following observation: 
When using SFN to distribute SI, the idle mode synchronization signal cannot be used to identify an individual TRP within the cluster as a connected mode handover target.
If the SFN signal is used as a target for a connected mode handover measurement, the UE would be handed over to the whole SFN cluster. Additional procedures would then be required to find the best TRP within the SFN cluster.
Handover between TRPs within such an SFN cluster could of course not rely on the idle mode synchronization signal, since the same signal is transmitted from different TRPs within the cluster. In theory, the beam management procedures based on CSI-RS could be used (option 2-3 in the agreement). However, it is very challenging to identify neighbouring TRPs using CSI-RS, since the CSI-RSs cannot be autonomously identified by the UE. 
[image: ]
Figure 3: Different beamforming of synchronization signals in idle mode (wide beam) and connected mode (narrow multi-beam) to enable SFN transmission and reception of connected mode reference signals under the presence of massively beamformed data respectively.
In order to enable SFN transmissions in idle mode and to enabling reception of the connected mode reference signals in the presence of massively beamformed data transmissions, the network could use different beamforming for idle mode SS transmissions in comparison with connected mode SS transmissions. 

Dynamic load balancing is the procedure where the network redistributes traffic between network nodes. The main motivation for dynamic load balancing is to off-load traffic from a heavily loaded node to a node with low load.
With a separate connected mode synchronization signal, traffic can be handed over from an overloaded cell simply by reducing the transmit power of that signal. As initial access is still performed using the idle mode synchronization signals, the accessibility of the system is unaffected. If the connected mode mobility is based on the idle mode synchronization signal, this procedure is not possible: any adjustment of the transmit power of the idle mode synchronization signal would impact the initial access performance, and hence the basic coverage of the system.
Performing dynamic load balancing in a system with one synchronization for both idle and connected more would instead have to rely on mobility thresholds in individual UEs. Not only would this procedure be slower, it would require that the threshold for every single UE is changed.  
With a separate connected mode synchronization signal, dynamic load balancing can be efficiently performed.

We have thus shown that the requirements on the idle mode and connected mode synchronization signals are at least to some extent different. From this insight, there are now two ways to approach the problem, as illustrated in Figure 4:
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Figure 4: Approaches to the design of synchronization signals.
In approach (a), the synchronization signals are designed separately to fulfil the IDLE mode and CONNECTED mode requirements. Thus, the idle mode synchronization signal is designed to consider the requirements from idle mode UEs and the connected mode synchronization signal is designed to consider the requirements from connected mode UEs. This results in that each signal is optimized for its individual purpose, and the resulting deployment is efficient. It is then quite likely that we end up with two signals that are not identical. In approach (b), one synchronization signal is designed to fulfil the superset of the requirements for IDLE and CONNECTED mode, resulting in a compromise design. The synchronization signal is then deployed to fulfil the needs of IDLE and RRC_CONNECTED UEs. Obviously, there will only be one signal design to capture in the standard.
As we have observed that the requirements of IDLE mode and CONNECTED mode synchronization signals are in many cases quite different, we make the following proposal:
[bookmark: _Toc461613963]RAN1 assumes that a UE in RRC_CONNECTED mode may rely on a DL signal different from the idle mode synchronization signal for the purpose of connected mode mobility measurements. 
Conclusion
In section 2 we made the following observations: 
1. Connected mode synchronization signals may need to be frequently transmitted, whereas the idle mode synchronization signals can be transmitted with low periodicity.
Sparse transmission of idle mode synchronization signals is crucial for network energy consumption and future compatibility. Operation in unlicensed bands requires that the Idle mode signals are sparsely transmitted.
When using SFN to distribute SI, the idle mode synchronization signal cannot be used to identify an individual TRP within the cluster as a connected mode handover target.
We also made the following proposals:
1. In NR, idle mode procedures should fulfil all relevant KPIs with sparsely transmitted, e.g., every 100ms, synchronization signals.
The UE may rely on additional synchronization signals when in RRC_CONNECTED mode.  
In NR, it must be possible to receive connected mode synchronization signals while at the same time receiving massively beamformed data. 
In NR, it should be possible distribute the system information using SFN transmission over many TRPs
RAN1 assumes that a UE in RRC_CONNECTED mode may rely on a DL signal different from the idle mode synchronization signal for the purpose of connected mode mobility measurements.
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Appendix: Simulation assumptions
	Parameter
	Value

	ISD
	250m: 7 center sites
500m: 28 surrounding sites

	Carrier frequency
	4 GHz

	BS output power
	40W

	Beam forming scheme
	Grid-of-beams




Receiver power 
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