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Introduction
In RAN1#AH-NR and RAN1#88, the followings are agreed on the mobility related issues. 
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
· 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
· The additional RS for mobility if defined can be transmitted on multiple beams.
· 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 
· 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

This contribution discusses mobility RS, based on the agreements in the previous meetings in RAN1 and RAN2. 
RSRP accuracy of NR-SSS 
For RRM measurement for L3 mobility of IDLE mode UE, it was agreed to use NR synchronization signal and CSI-RS in RAN1-AH-NR1. In this section, SSS and CSI-RS are compared in terms of RSRP measurement accuracy. Here CSI-RS is uniformly allocated in the given system band.
In this simulation, the ratio of the measured RSRP value and the ideal RSRP value is used for metric as follows:
RSRP difference [dB] = .
Here, ideal  is the averaged channel power for the given system band. And the  is measured RSRP value obtained from SSS or CSI-RS at data SNR -5dB. SSS and CSI-RS are power-boosted according to the number of used REs.
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RSRP accuracy for over 6GHz
For the simulation, TR38.900 dense urban macro cells are assumed. Multi-beam sweeping is implemented, and channel coefficients corresponding to the best beam pairs in the individual links are used for the RSRP evaluations. For the link generation, it is assumed that UE is dropped at a random position in a cell and system bandwidth of 320MHz is assumed. The three schemes below are compared with respect to CDF of RSRP difference.
· CSI-RS (denoted as MRS in the figure): 320MHz bandwidth, 60kHz subcarrier spacing, 8192 FFT size, RS density 1/8.
· SS scheme A: 34.58MHz bandwidth, 120kHz subcarrier spacing, sequence length 255.
· SS scheme B: 61.92MHz bandwidth, 240kHz subcarrier spacing, sequence length 255.
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Figure 1. Accuracy of RSRP for over 6GHz
From figure 1, we can have the following observation for LoS & NLoS channel.
RSRP accuracy for sub 6GHz
For sub 6GHz, we use TDL channel model (TDL-D & TDL-B) and compare the four schemes as below. TDL channel for each sample is assumed to be i.i.d and 80MHz system bandwidth is considered.
· CSI-RS (denoted as MRS in the figure): 80MHz bandwidth, 15kHz subcarrier spacing, 8192 FFT size, RS density 1/8.
· SS scheme A: 2.16MHz bandwidth, 15kHz subcarrier spacing, sequence length 127.
· SS scheme B: 4.32MHz bandwidth, 30kHz subcarrier spacing, sequence length 127.
· SS scheme C: 8.64MHz bandwidth, 30kHz subcarrier spacing, sequence length 255.
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Figure 2-1. Accuracy of RSRP sub 6GHz @ TDL D
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Figure 2-2. Accuracy of RSRP sub 6GHz @ TDL B
From figure 2-1 and 2-2, we have the following observation for TDL-D & TDL-B channels.
Given that more than four samples can be provided to UE, SSS is also expected to achieve +/- 2dB RSRP accuracy.
Based on the results found in Section 2.1 and 2.2, the following observation is made.
Observation 1: NR-SSS with sequence length 255 satisfies LTE measurement accuracy requirements. 
Connected mode RRM measurement for L3 mobility
3 
Use cases of CSI-RS for CONNECTED mobility
Although NR-SSS can satisfy the RSRP measurement accuracy requirements (without time averaging for multi-beam case, and with 4x time averaging for single-beam case), it may not mean that it will be sufficient for connected mode mobility. For the legacy LTE RRM measurement (TS36.133), various other requirements, (e.g., latency requirements) are separately defined for IDLE and CONNECTED. In particular, for CONNECTED, more stringent requirements were defined. In NR, it is expected that similar latency requirements will take place and it seems to be an open question whether NR-SSS can also satisfy these latency requirements for the CONNECTED mode. 
CSI-RS for CONNECTED mobility is similar to LTE DRS, and hence the DRS use cases will become the use cases of CSI-RS for CONNECTED mobility. The DRS has been used for TRP identification when a cell has many TRPs giving an SFN coverage, but each TRP is identified by the different CSI-RS resources. A similar consideration may be applicable for multi-beam systems, for which the TRP may be replaced with the beams. In particular, beam-level measurement results could play a crucial role for hand-over performance, and it is not clear if NR-SSS is able to provide sufficient information for beam alignment for the hand-over process. If no beam-level information is available at the network side during the handover process, the network and UE may need to go through time-consuming beam management process, in which case UE may experience sudden throughput drop after handover until the beams are finally aligned. One possible solution is to allow UE reporting of SS-block-RSRP. However, this solution will work in limited cases only, e.g., if the network implementation is such that NR-SSS are transmitted on narrow beams without SFN; this network implementation may happen if a cell has a single TXRU. When a cell has multiple TXRUs, the cell may transmit NR-SSS with SFN on multiple TXRUs in order to reduce number of SS blocks (which will constitute the static system overhead), where the TXRUs use different beams. In such a case the beam information that can be acquired with NR-SSS may be limited, and SS-block RSRP may not be sufficient for beam alignment during the handover process. 
Having these observations, it seems that there are cases where CSI-RS are necessary, but it seems also be important to allow for possibility of turning off the CSI-RS, e.g., for maintaining low overhead for single-beam operations. It is an open question whether UE is allowed to make cell-level RSRP measurement from the CSI-RS as well as the IDLE mode RS. As observed in Section 1, NR-SSS is sufficient as RRM measurement signals, and hence, CSI-RS does not need to be used as RRM measurement signals, but it can be used as beam-specific mobility signals. 
 
Proposal 1: 
· The additional RS can be turned off. 
· The CSI-RSRP may be reported in L3, which provides beam-level RSRP. 
Design Principles of the additional RS
The main motivation of introducing the additional RS are for the beam related operations, a natural candidate is CSI-RS introduced for beam management. 
It has been discussed for a couple of meetings whether to multiplex the additional RS in SS blocks or not. To further clarify, the SS block here means both the SS block time duration and the initial access BW. When each SS block may comprises PSS/SSS/PBCH/TRS, multiplexing the additional RS within the SS block seems to be a challenging task. With inserting the additional RS within the SS block, other signals’ coverage may get reduced, and hence it is proposed not to multiplex the additional RS within the SS block. However, it would still be beneficial to be able to map the additional RS outside the initial access BW of the SS block time duration, e.g., for efficiently utilizing the beam sweeping resources; and this option should be allowed. 
When the additional RS are not multiplexed with the other signals in the SS block, the design constraints of multi-beam additional RS can be greatly reduced. As CSI-RS can support fairly flexible design, it may be able to be used as the additional RS. For the neighbouring cell measurement, decoding neighbour cell’s PBCH is a big burden and it should be avoided. Hence, the neighbour cell’s CSI-RS should be configured either self-discoverable by relying on fixed relative positions between SS and CSI-RS, or configured UE-specifically by RRC. 
Given that the main use case of the additional RS is for connected mode mobility for “initial” beam-level measurement of a selected neighbour cell for handover, the additional RS configuration should be simple, so that the network does not need to exchange much information over X2 interface. “Flexible” CSI-RS configuration may imply that many configuration parameters are available; and such high-level flexibility may neither be useful nor desirable for this use case. Hence, it would be preferable if limited configuration possibilities are allowed for the additional RS. As by nature the additional RS are cell-specifically transmitted, the same physical RS may be used for L1/L2 beam management for TRP Tx beam selection and switching. 
The number of antenna ports per resource could be to do with how many TXRUs can be simultaneously turned on for a serving cell, and the RS density of individual antenna ports. In relation to the number of TXRUs, the more would be the better; for the RS density, the fewer the better. This is FFS for now in our perspective. 
[bookmark: _GoBack]Proposal 2: The following design principles shall be considered for the additional RS mapping and configuration
· The additional RS shall not be multiplexed with the other signals in the SS block in the initial access BW. 
· The additional RS shall be able to be mapped outside the initial access BW in the SS block time durations.
· Unless the additional RS is designed to be self-discoverable, the neighbour cells’ additional RS for the measurement purpose shall be UE-specifically RRC configured.
· The maximum number of antenna ports per additional RS resource is FFS. 
Conclusion
This contribution has reviewed mobility related issues for NR and made the following proposals.
Observation 1: NR-SSS with sequence length 255 satisfies LTE measurement accuracy requirements. 
Proposal 1: 
· The additional RS can be turned off. 
· The CSI-RSRP may be reported in L3, which provides beam-level RSRP. 

Proposal 2: The following design principles shall be considered for the additional RS mapping and configuration
· The additional RS shall not be multiplexed with the other signals in the SS block in the initial access BW. 
· The additional RS shall be able to be mapped outside the initial access BW in the SS block time durations.
· Unless the additional RS is designed to be self-discoverable, the neighbour cells’ additional RS for the measurement purpose shall be UE-specifically RRC configured.
· The maximum number of antenna ports per additional RS resource is FFS. 
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