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Introduction
RAN1#88 made the following agreements on mobility signals [1]:

· 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

In [2], a CSI-RS-based AMM solution is described where the NR-SS is used as a synch and potentially PCI source for CSI-RS detection and measurements. In this contribution, we discuss mobility measurements in additional scenarios.   
Discussion
The AMM measurement procedure of neighbour cell beams in [2] consists of the following main steps:
1. Detect the NR-SS (PSS/SSS) of a neighbor cell
2. Using the sync from NR-SS, demodulate CSI-RS symbol and perform beam mobility measurements
3. Report beam quality for beams according to the reporting configuration
When the received candidate beam CSI-RS are not tightly T/F aligned at the UE with the serving cell T/F reference, CSI-RS detection and measurement performance will gradually be degraded. Once the timing misalignment exceeds a considerable fraction of the OFDM symbol time, e.g. 25-30% the degradation becomes excessive if the T/F misalignment is not compensated. 
[bookmark: _Toc478022288][bookmark: _Toc478135851][bookmark: _Toc478734924]CSI-RS-based measurement reliability becomes unacceptable if timing misalignment becomes a non-negligible fraction of the OFDM symbol time
[bookmark: _Toc478022289][bookmark: _Toc478135852][bookmark: _Toc478734925]If the PSS/SSS of the candidate cell is available, it may be detected first to acquire T/F sync for subsequent CSI-RS detection.  
However, in some situations, availability of NR-SS for sync may not be guaranteed.
In some deployments, a high-PSD interferer (e.g. data transmitted with high-gain beamforming from the serving cell) overlaps in T/F with candidate cell’s PSS/SSS to be detected. This may happen e.g. if the inter-cell sync is missing or is loose, e.g. not on OFDM-symbol level. Then avoiding data transmissions from any cells that could interfere with neighbour-cell PSS/SSS detection would effectively prohibit data transmission in the NR-SS sub-bands.
In some network deployments, not all nodes that are available for data transmission and should support AMM may transmit NR-SS. Should the received signals from such hidden nodes at the UE be T/F misaligned with the serving cell, either due to propagation delay differences or node timing inaccuracies, CSI-RS-based AMM measurements that require PSS/SS for sync are not feasible.
Furthermore, if NR-SS is required for sync, the NR-SS period determines the minimum AMM measurement period or puts a lower limit on latency for on-demand measurement activation. In high-band (mmW) deployments, a 10-20 ms latency may lead to reduced mobility robustness in scenarios where narrow beam experience sudden shadowing.
[bookmark: _Toc478022290][bookmark: _Toc478135853][bookmark: _Toc478734926]In some scenarios, the NR-SS of a cell where the link quality is to be measured for AMM may not be usable by the UE.
Since the AMM in NR should also support the above scenarios and other possible situations where the NR-SS is not available, alternative CSI-RS-based measurement procedures should be considered that do not rely on the presence of NR-SS.
In some cases, signals transmitted through different beams will reach the UE with different propagation delays. Typically, this happens when both LoS and reflected paths are present. In one measurement campaign, the propagation delays illustrated in Figure 1 were recorded.
[image: ]
[bookmark: _Ref478037608]Figure 1: Results from a field test with beam switching. Approximately at t=35s, the gNB changes its Tx beam. When this happens, the propagation delay changes abruptly with 0.7 us. Essentially, the synchronization used prior to t=35s is not relevant after t=35s. 
The beam switching illustrated in Figure 1 occurs within the same cell. Tt is clear that synchronization based on the NR-SS used in the cell will not be adequate in this case. Clearly, different synchronization sources may be needed even for two intra-cell beams. We thus make the following observation:
[bookmark: _Toc478734927]In some cases, the same synchronization source cannot be used for all CSI-RS transmissions within one cell. 
Of course, observation 4 is relevant also when designing CSI-RS for beam management as noted in [3].
Moreover, CSI-RS can also be part of a structure similar to the discovery reference signal (DRS) in LTE [4], where a neighbour cell transmits an NR-SS with associated CSI-RSs, different from the NR-SS in SS blocks. These were initially introduced as a small cell enhancement but has seen applications in beam-based evaluations as well.  The location of this NR-SS do not need to coincide with the NR-SS in SS blocks. In fact, it can be advantageous to schedule these on demand, or at non-overlapping patterns compared to the NR-SS in SS blocks. The NR-SS associated to the CSI-RS also identify the candidate cell via a physical cell identifier, similar to NR-SS of SS blocks.
[bookmark: _Ref478128370][bookmark: _Toc478135854][bookmark: _Toc478734928]CSI-RS associated to an NR-SS in a similar manner as in the DRS structure in LTE can be used for AMM.
Based on these observations, we propose:
[bookmark: _Toc478135856][bookmark: _Toc478734922][bookmark: _Toc478022291]NR should support CSI-RS signal formats and AMM measurement procedures that could support AMM without support from NR-SS in SS blocks from candidate cells.
[bookmark: _Toc478135857][bookmark: _Toc478734923]RAN1 should investigate CSI-RS configurations for AMM e.g. in a format similar to the DRS in LTE, adapted to efficiently support beam sweeping.
 
Conclusion
In section 2, we made the following observations:
Observation 1	CSI-RS-based measurement reliability becomes unacceptable if timing misalignment becomes a non-negligible fraction of the OFDM symbol time
Observation 2	If the PSS/SSS of the candidate cell is available, it may be detected first to acquire T/F sync for subsequent CSI-RS detection.
Observation 3	In some scenarios, the NR-SS of a cell where the link quality is to be measured for AMM may not be usable by the UE.
Observation 4	In some cases, the same synchronization source cannot be used for all CSI-RS transmissions within one cell.
Observation 5	CSI-RS associated to an NR-SS in a similar manner as in the DRS structure in LTE can be used for AMM.
Based on the discussion in section 2, we propose the following:
Proposal 1	NR should support CSI-RS signal formats and AMM measurement procedures that could support AMM without support from NR-SS in SS blocks from candidate cells.
Proposal 2	RAN1 should investigate CSI-RS configurations for AMM e.g. in a format similar to the DRS in LTE, adapted to efficiently support beam sweeping.
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